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Abstract 
Sundays Thicket and Spekboomveld vegetation in the Eastern Cape have experienced intensive and 
extensive degradation due to over-browsing by domestic stock. The Subtropical Thicket Restoration Project 
aims to take advantage of the high carbon sequestration potential of Portulacaria afra (Spekboom) and 
other Thicket species, to rehabilitate degraded Thicket by restoring biodiversity and ecosystem services, 
create job opportunities and socio-economic upliftment in local communities, and promote the trade of 
carbon credits generated by planting and „farming‟ with Spekboom truncheons, rather than domestic stock. 
Plant material (seeds and length of stem) was sourced from the farm Krompoort, outside Uitenhage in the 
Eastern Cape. The effectiveness of four different rooting media i.e. plain pool filter sand and 1:1 mixtures of 
pool filter sand with perlite, potting soil and Thicket soil, on the rooting of ten Thicket species, were tested. 
Species with the greatest percentage strike and mean root length on stem cuttings were succulent species, 
Crassula ovata (84% strike) and Portulacaria afra (97%), as was expected. The application of rooting 
hormone Seradix© No. 3 did not significantly promote cutting strike or increase mean root length in C. 
ovata and P. afra. Woody canopy shrub species with the greatest cutting strike and mean root length, 
overall, were Rhigozum obovatum (24%), Lycium cinereum and L. oxycarpum (21%), and Searsia 
longispina (19%). These species, as well as Grewia robusta (4%), are considered „easy-to-root‟ species, or 
of sufficient functional value in terms of their spinescence, flower and fruit production, and soil-binding 
capabilities. Very low percentage strike (<1%) and mean root length were achieved in Azima tetracantha, 
Carissa bispinosa and Gymnosporia polyacantha subsp. polyacantha. These species are considered 
unsuitable for propagation for rehabilitation purposes. Crassula ovata, L. cinereum, L. oxycarpum, P. afra 
and S. longispina cuttings produced longer roots when planted in Thicket soil, the same having been found 
in R. obovatum cuttings planted in perlite. Thicket soil was, therefore, best at promoting cutting strike and 
root growth in „easy-to-root‟ species. Plain pool filter sand was the only medium in which A. tetracantha, C. 
bispinosa and G. robusta, cuttings rooted, and perlite the only medium in which G. polyacantha subsp. 
polyacantha cuttings rooted. Potting soil did not promote significant cutting strike or root growth in any of 
the species tested. 
Physiological variables i.e. photosynthetic efficiency (chlorophyll a fluorescence, Fv/Fm) and stomatal 
conductance (mmol H2O m
-2
 s
-1
) were measured for ten Thicket species, including Portulacaria afra. 
Control plants were watered well once a week, and treatment plants were dried out for 30 days, rewatered 
on the 30
th
 day and their recovery from drought stress monitored for a further 17 days. Species that 
responded poorly to drought stress were Gymnosporia buxifolia and Putterlickia pyracantha. In addition to 
Portulacaria afra, species that showed the fastest recovery and resprout after rewatering, were: Crassula 
ovata, Ehretia rigida, Grewia robusta, Lycium ferocissimum, Rhigozum obovatum and Searsia longispina. 
These species produced the smallest decline in volumetric moisture content of soil, and had the lowest 
decline in photosynthetic efficiency and stomatal conductance during simulated drought. Unlike C. ovata 
and P. afra, which are CAM or C3-CAM switching species, mortality of transplants will most likely be high, if 
not total, during transplantation, as this study was done at lower light and temperature, and higher humidity 
levels than experienced at rehabilitation sites. 
This study has shown that the reintroduction of propagated woody canopy shrubs and trees into degraded 
Thicket sites does not appear to be a practical or economical method of actively restoring biodiversity to 
rehabilitation sites. As woody climax species have been shown to return to sites planted with Spekboom 
truncheons through „natural regeneration‟ within approximately 50 years, future research efforts should 
focus on optimising restoration site selection and planting techniques in order to maximize carbon 
sequestration potential of planted truncheons, which will, in the long term, result in an environment that can 
support regeneration of the biodiversity to something resembling intact Thicket. 
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Chapter 1. General Introduction 
The Albany Thicket Biome falls in the Maputaland-Pondoland-Albany Hotspot, an 
internationally recognised biodiversity hotspot, housing approximately 8100 plant species – 
23.5% of which are endemic to the region (Brooks et al. 2007). Being an internationally 
recognized hotspot, it is important to conserve what intact vegetation remains in the biome, 
and rehabilitate what has been degraded. Once covering an area of over 1.4 million 
hectares, now only 0.2 million hectares of intact Spekboom-rich Thicket remains – this 
approximate 1.2 million hectares loss is largely attributed to farming and over-stocking 
Angora goats (Mills et al. 2010). 
The Subtropical Thicket Restoration Project (STRP) was initiated in January 2004, and is 
part of the Department of Water Affairs‟ Working for Woodlands Programme, one of its 
Natural Resource Management Programmes (Mills et al. 2010). The purpose of the STRP is 
to test „the feasibility of using Portulacaria afra Jacq. („Spekboom‟) and other Thicket species 
to sequester carbon under the Clean Development Mechanism of the Kyoto Protocol‟ 
(Powell et al. 2007). Planting P. afra truncheons is predicted to not only provide socio-
economic upliftment in rural areas, by employing local labourers to do the planting, but 
„restore biodiversity, natural capital and ecosystem services‟ in degraded Thicket (Powell et 
al. 2007). The cost of rehabilitation would be offset by selling carbon credits on the 
international carbon market (Powell et al. 2007).  
Thicket rehabilitation is being marketed as „a means to revive the rural economy in the 
Eastern Cape‟ and „stimulate investment‟ through the trade in carbon credits on the 
international market, and offsetting carbon produced by the local government and the private 
sector (Mills et al. 2010). Marketing is geared towards the voluntary carbon market, where 
great value is placed on the sustainability of projects, in terms of future beneficial biodiversity 
and socio-economic outcomes (Mills et al. 2010). In addition to financial benefits, there are 
the socio-economic benefits of jobs created by employing locals at rehabilitation sites; 
income generated from the sale of carbon credits; international recognition or „green 
acclaim‟, and building ecosystem resilience to climate change, which directly impacts human 
resilience to climate change (Mills et al. 2010). Environmental benefits of Thicket 
rehabilitation, includes: the improved carrying capacity of restored lands, to livestock and 
indigenous browsing; reduced siltation of dams and rivers; increased infiltration of water into 
soil and groundwater, which has the human benefit of increased water availability in dams; 
carbon sequestration, and, most importantly, the return of plant and animal diversity to 
degraded Spekboom Thicket and Spekboomveld (Mills et al. 2010).  
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Midgley and Cowling (1993) hypothesized that the woody, mesophytic, climax Thicket 
species established during a „wetter‟ past climate; that these species are long-lived 
resprouters with very low regeneration from seedlings, and that disturbed Thicket „will be 
slow to recover through seedling regeneration‟. As early as 1980, Aucamp and Barnard 
(1980) described Thicket as being „vulnerable to overstocking‟ and „slow to recover after 
disturbances‟. Cowling (1984) also described subtropical transitional thicket vegetation as 
being „stable but with a low resilience‟. In contrast, arborescent succulent species i.e. Aloe 
and Euphorbia species regenerate from seedlings in disturbed, open-canopy sites as readily 
as in they would in intact Thicket, and are able to survive the present „dry‟ climate through 
their succulence and Crassulacean Acid Metabolism (CAM) photosynthetic pathway 
(Midgley and Cowling 1993), which is also present in Portulacaria afra. 
The low occurrence of seedlings in Thicket, in general (Midgley and Cowling 1993), as well 
as in open microsites in degraded and intact Sundays Spekboom Thicket and Sundays 
Spekboomveld (Sigwela et al. 2009), suggests that directly planting seedlings into 
rehabilitation sites is unlikely to succeed. Thicket vegetation does not recover naturally, once 
vegetation cover has been removed and microclimates suitable to seedling recruitment have 
been destroyed, and, therefore, requires „active intervention‟ (Powell et al. 2007). A 
proposed method of maintaining population growth in a degraded Thicket landscape is the 
protection of remnant clumps of closed-canopy thicket, housing adult and juvenile canopy 
species (Sigwela et al. 2009). Portulacaria afra however, has been identified as an 
„ecosystem engineer‟ (Van der Vyver 2011) in Spekboom Thicket and Spekboomveld, kick-
starting recruitment, or the natural regeneration process, once soil carbon stocks have 
reached a certain level, and the closed-canopy structure of Thicket is restored.  
It has been suggested that plant species richness, and so (plant and animal) biodiversity, in 
degraded Thicket or rehabilitation sites could be increased by further active and artificial 
means i.e. revegetation. The present practice is planting a single-row monoculture of 
Portulacaria afra truncheons (Prof Richard Cowling pers. comm). Direct planting of P. afra 
truncheons requires no prior propagation in a nursery, and no irrigation once planted (Mills et 
al. 2010). Cowling (pers. comm.) has suggested that ecological restoration i.e. natural 
regeneration, after initial active revegetation using P. afra – and already seen occurring at 
older rehabilitation sites – is a sufficient rehabilitation measure, and should be allowed to 
continue undisturbed. It has, however, been found that natural or „spontaneous regeneration‟ 
of woody canopy species only occurs after 35 years of planted truncheons‟ growth in 
rehabilitated Spekboomveld (Van der Vyver 2011), and that the „full complement of Thicket 
shrub and tree species is able to establish‟ within approximately 50 years (Mills et al. 2010). 
In these 50 years, however, an estimated 15.4 tonnes C ha-1 yr-1 can already be 
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accumulated (Mills et al. 2010), which is substantial considering its initial state of 
degradation. 
The STRP also aims to find the „best technique of planting Spekboom cuttings‟, and asks 
whether measures such as the application of rooting hormone to cuttings before planting, or 
irrigation after planting will affect the growth and survivorship of cuttings (Mills et al. 2010). 
The establishment of 300 50 m X 50 m Thicket-wide plots by the STRP, the first and largest 
landscape-scale ecological restoration experiment in the world (Van der Vyver pers. comm., 
Mills et al. 2010), will help to answer some of these questions. In addition to the Thicket-wide 
plots, a total area of 647 ha has been planted up with Portulacaria afra truncheons in the 
Addo Elephant National Park, Fish River Reserve and Baviaanskloof Nature Reserve (Mills 
et al. 2010). The Working for Woodlands Programme is responsible for the evaluation of the 
establishment of P. afra truncheons under different environmental conditions, as 
experienced at the different Spekboom Thicket and Spekboomveld vegetation types, and 
develop a planting protocol for use in future restoration efforts (Mills et al. 2010). 
The purpose of this study is to expand knowledge on „the feasibility of using Portulacaria afra 
and other Thicket species to sequester carbon‟, as the STRP has set out to do (Powell et al. 
2007), the focus being on finding „other Thicket species‟ to propagate and plant with P. afra 
truncheons in rehabilitation sites – based on their ease of propagation from cuttings, and 
ability to survive drought stress associated with transplantation into rehabilitation sites. 
Portulacaria afra is the only species known, at present, to survive the harsh environmental 
and post-planting conditions at rehabilitation sites. Trial plantings of other Thicket species 
have failed, as plants (rooted stem cuttings) were too young and small, with insufficient root 
systems to withstand transplantation stress (Mike Powell pers. comm.). Further investigation 
is required.  
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Chapter 2. Literature Review 
2.1 Thicket vegetation 
Thicket vegetation, now recognised as belonging to one of eight biomes in southern Africa, 
has been described using various terms including: valley bushveld, recognized as a veld 
type (Acocks 1975); a biome called valley bushveld because of the river valley slopes and 
bottoms in which it occurs (Hoare et al. 2006); subtropical thicket, a biome (Lubke et al. 
1986, Vlok and Euston-Brown 2002); subtropical transitional thicket, a vegetation class that 
is transitional based on its phytochoria (Cowling 1984); divided into orders succulent thicket 
and kaffrarian thicket, and further divided into suborders xeric and mesic thicket (Everard 
1987), and Albany Thicket, a biome (Hoare et al. 2006).  
Though Thicket has been described as an ecotonal or transitional vegetation type, as it lies 
between winter and summer rainfall regions, it is recognised as a distinct biome (Vlok and 
Euston-Brown 2002). The transitional nature of Thicket is seen in the way species have „bled 
into‟ surrounding vegetation types, and how Thicket patches often become „highly 
fragmented and integrated with the adjacent vegetation‟ (Vlok and Euston-Brown 2002). 
Subtropical transitional thicket has been defined as „an impenetrable tangle of spinescent 
shrubs, low trees and vines…dominated by evergreen sclerophyllous shrubs and succulents‟ 
(Everard 1987). Its transitional nature i.e. amidst Forest, Fynbos, Succulent Karoo and 
Grassland biomes, contributes a wide range of growth forms i.e. large trees; leaf and stem 
succulents; evergreen, deciduous and semi-deciduous spinescent woody shrubs and dwarf 
shrubs; geophytes; annuals; grasses, forbs and climbers or „lianas‟ (Kerley et al. 1995, 
Hoare et al. 2006). This range of growth forms contributes to high plant diversity, and 
localised endemism and rarity of species (Hoare et al. 2006).  
Thicket species, particularly species in dry, inland regions, are slow growers and have 
evolved deep root systems, succulence, Crassulacean Acid Metabolism (CAM), sclerophylly 
and underground storage organs to cope with arid conditions (Hoare et al. 2006). Nearer to 
the coast and towards the east, where higher rainfall occurs, species are faster-growing 
(Hoare et al. 2006). To deter herbivores, the branches of spinescent shrubs are often 
recurved (Vlok and Euston-Brown 2002), making solid, intact thicket highly impenetrable. 
Spinescent trees and shrubs are made more impenetrable by being covered in poisonous 
climbers, belonging mostly to Family Apocynaceae, that have wind-dispersed seeds (Hoare 
et al. 2006).  
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Vlok and Euston-Brown (2002) recognised four Thicket types that separate based on their 
occurrence along a rainfall gradient: Dune Thicket and Mainland Thicket types, with the latter 
divided into Thicket, Valley Thicket and Arid Thicket. Within these four Thicket types, 112 
vegetation types were distinguished, with a conservative approximate of 1558 species, 
including 322 endemic plant species, which is quite a high degree of endemism (Vlok and 
Euston-Brown 2002). 
2.1.1 Ecosystem drivers 
Rainfall 
Overall, the Thicket Biome experiences a wide mean annual rainfall range of 200 to 950 mm 
per year, the common characteristic between Thicket types being that 50% of this annual 
rainfall occurs in winter, from April to September (Vlok and Euston-Brown 2002). In regions 
where the greatest portion of rainfall occurs in winter, as in the winter-rainfall zone of the 
southwest, Thicket will start turning to Fynbos, and where the greatest portion of rainfall 
occurs in summer, as in the summer-rainfall zone of the northeast, it turns to Grassland and 
Savannah, hence subtropical thicket (Vlok and Euston-Brown 2002, Hoare et al. 2006). 
Rainfall is mostly bimodal, falling mostly in March during autumn, and October or November 
during spring (Hoare et al. 2006). Droughts are common, particularly in the arid interior 
regions, lasting months or years in some areas (Hoare et al. 2006).  
Fire 
Fire regime, as determined by the seasonal rainfall pattern in a given area, is the primary 
driver of the distribution of Thicket (Hoare et al. 2006). This is evident from fire refugia in the 
winter and summer-rainfall zones, sheltered patches of Thicket surrounded by fire-prone 
vegetation types (Hoare et al. 2006). Intact thicket is not fire-prone (Mills et al. 2005), but in 
mosaic Thicket types, however, fire maintains species richness in the fire-driven matrix 
vegetation types that occur on shallower, more nutrient-poor soil i.e. Grassland, Succulent 
Karoo, Renosterveld and Fynbos, with Thicket clumps occurring on deeper, more nutrient-
rich soils (Vlok and Euston-Brown 2002). 
Herbivory 
Herbivores are important in maintaining the diversity of growth forms in Thicket (Hoare et al. 
2006). In drier areas, in particular, fire and herbivory act together to determine the 
distribution of Thicket, with drier areas being more vulnerable, therefore, to overutilization by 
domestic stock (Vlok and Euston-Brown 2002). Fire and herbivory are considered equally 
important in maintaining local patterns of species richness in Thicket (Vlok and Euston-
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Brown 2002). The removal of phytomass through herbivory, combined with slow plant growth 
during drought, may limit the fuel load of vegetation to an extent that it excludes fire (Vlok 
and Euston-Brown 2002).  
Megaherbivores i.e. elephants and rhino, maintain Thicket structure and vegetative 
regeneration via coppicing (Cowling and Kerley 2002). The development of a „skirt‟ around 
Portulacaria afra Jacq., which maintains a cool, moist microclimate inside bushclumps, is 
maintained during the top-down feeding practised by megaherbivores (Cowling and Kerley 
2002). Megaherbivores, at high densities, as seen in elephants in the Addo Elephant 
National Park, have a severe negative impact on plant community structure and species 
richness, particularly that of endemic dwarf succulents (Lombard et al. 2001, Hoare et al. 
2006). Patch structure is maintained in Thicket via indigenous herbivory, though biomass is 
reduced (Cowling and Kerley 2002).  
Soil 
Thicket vegetation occurs in moderately deep, well-drained and well-structured soils 
(Everard 1987, Hoare et al. 2006). Soils derived from fine-textured rocks of the Karoo 
Supergroup are shallow and rocky on slopes and deep and fine-textured on valley flats 
(Hoare et al. 2006). Shallow, coarse, unstructured and nutrient-poor soils are derived from 
the coarse-textured Witteberg and Table Mountain Groups (Hoare et al. 2006). Thicket is not 
restricted to deep soils, however, and occurs on a range of soil types (Vlok and Euston-
Brown 2002). Thicket units were not found to correlate with a specific underlying geology, 
except in mosaic Thicket types where matrix soils differ from bushclumps (Vlok and Euston-
Brown 2002). 
2.1.2 Degradation  
Causes 
The establishment, expansion and improvement of farming with domestic browsers has 
resulted in almost 200 years of overstocking of, and overbrowsing in Thicket (Hoare et al. 
2006). It has led to the transformation of Thicket from a „dense closed-canopy shrubland, 
into an open savannah-like system with a cover of ephemeral grasses and forbs within a few 
decades‟ (Mills et al. 2005). Game farming with indigenous game, rather than farming with 
domestic stock, has been suggested as a more ecologically sustainable, though less 
profitable business in the Eastern Cape, as a means of discouraging further Thicket 
degradation by domestic stock farmers (Kerley et al. 1995). The impact of indigenous 
herbivores differs in scale, intensity, and nature from that of domestic herbivores (Kerley et 
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al. 1995). Domestic goats are social feeders, feeding in a group around a single Thicket 
patch, which has an intense localised impact (Aucamp and Tainton 1984) – compared to 
top-down browsing employed by elephants (Stuart-Hill 1992). Goats are ruminants that 
regurgitate and re-digest large seeds using a more efficient digestion system than that of 
large herbivores, such as elephants that result in higher seed mortality (Davis 2007). Though 
browsing by both elephants and goats reduces canopy cover, goat browsing alters shrub 
species composition, so that only unpalatable shrubs and trees remain (Stuart-Hill 1992).  
Vegetation impacts 
The vulnerability of Thicket to degradation and overutilization has been accredited to low 
annual production in Thicket, though it has a high standing biomass, which has led to the 
overestimation of forage available for domestic animal production (Aucamp and Tainton 
1984). In addition, Portulacaria afra, the main forage species in Spekboom Thicket and 
Spekboomveld, has a slow recovery rate, with 50% defoliation by goats requiring up to 1.5 
years for recovery (Aucamp and Tainton 1984). Thicket transformation by goats results in an 
approximate loss of 75% of the total dry biomass of thicket, consisting largely of P. afra; 
reduced plant and functional diversity; loss of vertical and horizontal structural diversity, and 
low recruitment from seed (Lechmere-Oertel et al. 2005).  
The effects of overgrazing on soil condition and carbon content in Spekboom Thicket have 
been studied extensively across degradation gradients, using fence-line contrasts (Mills et 
al. 2005). Mills et al. (2005) recorded a mean daily maximum soil temperature of 23.2°C 
under the canopy of Portulacaria afra, which was 12°C lower than in the open grassy areas 
in transformed areas, at 35.1°C. Intact Sundays Thicket produces significantly more litter at 
a landscape level than transformed thicket, at 4.66 ± 0.21 S.E. t litter ha-1 year-1 and 2.97 ± 
0.09 S.E. t litter ha-1 year-1, respectively (Mills et al. 2005).  
Intact Spekboom Thicket has a canopy cover of up to 70%, with trees reaching up to 3 m or 
taller in height (Mills et al. 2005).  Portulacaria afra, alone, produces up to 450 g leaf litter m-2 
y-1, falling to up to 10 cm thick (Mills et al. 2005). Up to 76 t C ha-1 is produced in living 
biomass and litter, and 133 t C ha-1 is held as soil-stored carbon in the upper 30 cm of soil in 
Spekboom Thicket (Mills et al. 2005). Transformed Thicket shows a 35% reduction in soil 
carbon to 10 cm soil depth (Mills et al. 2005). In Baviaans Spekboom Thicket, Mills and 
Cowling (2010) measured up to 93 ± 7 t ha-1 in soil carbon and 11 ± 2 t ha-1 in root carbon in 
the upper 110 cm soil layer, compared to 31 ± 2 t C ha-1 in degraded Thicket. Agricultural 
lands stores approximately half the amount of soil and root carbon, combined (Mills and 
Cowling 2010).  
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Soil impacts 
The loss of phytomass, and change in vegetation structure and species composition, also 
results in severe soil degradation and a shift in soil nutrient cycling (Mills and Fey 2004).  
The slow return of soil carbon after disturbance such as cultivation, and the harsh nature of 
its semi-arid climate, suggests a low potential for carbon sequestration in biomass and soils 
in South Africa (Mills and Fey 2003). Disturbed areas may require long periods of 
restoration, before pre-disturbance levels of carbon return to the soil. Different methods may 
be used to improve soil carbon sequestration in semi-arid South Africa, such as preventing 
surface runoff by building terraces, adding manure to the soil to improve soil quality, or 
planting up areas with Portulacaria afra (Mills and Fey 2003). The top 10 cm of soil under P. 
afra in the Eastern Cape was found to contain more than 5.5% organic carbon (Mills and Fey 
2003). Herbivory by goats in Xeric Succulent Thicket has been found to reduce soil carbon in 
the 0 to 10 cm soil layer from 5.6 to 3 % (Mills and Fey 2003).  
The slow return of carbon to the soil, as studied in grasslands, is thought to be due to lower 
biomass production (therefore less organic matter to potentially return to soil) and higher 
temperatures  increasing the rate of decomposition by soil micro-organisms (Mills and Fey 
2003). A high stocking rate also results in a lowered soil water content and greater soil bulk 
density, than low stocking rate, as seen in savannas (Mills and Fey 2003). Hydraulic 
conductivity, infiltration rate and soil aggregate stability are also reduced due to overstocking 
(Mills and Fey 2003). If the continuous decline in soil quality results in a continuous decline 
in vegetation cover and quality i.e. growth and germination, degradation may become more 
irreversible (Mills and Fey 2003). The veld may not be able to recover from degradation. 
Thus, vegetation preservation is very important in the maintenance of rangeland quality 
(Mills and Fey 2003). 
2.2 Propagation 
Most methods of plant propagation involve taking advantage of a plant‟s natural ability to 
reproduce – whether sexually i.e. from propagules, or asexually i.e. from vegetative growth. 
The propagator‟s task is to determine which mode of reproduction is most successful for a 
particular species, then replicate and optimise the conditions under which this mode of 
reproduction naturally occurs (Nichols 2005). In an artificial environment, such as a nursery 
or greenhouse, optimisation of growing conditions of seed or cuttings can be achieved 
easily, through environmental control (heating and cooling) systems (Klingaman 2008). 
Environmental conditions such as heat, light and humidity are manipulated to suit different 
species. With these manipulations, however, several problems can arise – the most costly of 
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which are the outbreak and spread of plant diseases. If detected early, plants can be treated 
and the outcome may not be too costly. Treatment usually involves spraying or burning of 
diseased plants. If detected late, however, entire batches of seedlings or cuttings may be 
lost, which is particularly costly in large, commercial operations (Windham 2008). 
In general, however, healthy, disease-free stock plants will, if provided with optimal growing 
conditions, produce healthy, vigorous and disease-free seedlings and cuttings (Venter and 
Venter 2007).  
2.2.1 Propagation from seed 
When collecting seed from wild plant populations, the time of seed harvesting is important – 
collecting ripe fruits ensures that seeds are mature (Venter and Venter 2007). Gathering 
fruits from the ground, rather than hand-picking or shaking branches to drop fruits, or 
enclosing fruits in bags, is recommended to ensure that only ripe fruits are picked (Venter 
and Venter 2007). Seeds are soon eaten by birds and insects, however, and good timing is 
required when collecting seeds from the ground (Venter and Venter 2007). Collecting seed 
from the geographic region into which seedlings will be introduced is important – plants will 
be „genetically adapted‟ to the climate of the region (Venter and Venter 2007). When 
collecting seeds, many different plants, as well as different microhabitats, should be sampled 
in order to ensure genetic diversity of seedlings produced (Nichols 2005). The total number 
of seeds collected should be large enough to compensate for poor germination (Nichols 
2005). It is also important to collect seed at different times, as pollination events are often 
erratic and seed production and time of seed or fruit maturity in different species of plants is 
asynchronous (Nichols 2005).  
Seeds of most forest tree species, particularly tropical and subtropical species, have a short 
„shelf life‟ i.e. they don‟t store well, and should be sown as soon as possible after collecting 
(Venter and Venter 2007). Fleshy fruits and seeds should be cleaned prior to storage and/or 
sowing, as cleaning removes germination inhibitors present in the flesh, but most importantly 
prevents insect predation and fungal infection (Carr 1994). When storing seeds, a low 
temperature and humidity is recommended (Venter and Venter 2007). Some evergreen 
forest trees, do not tolerate high temperatures or desiccation, and should be stored in a cool, 
slightly damp medium or, ideally, sown immediately (Carr 1994). High temperature and 
humidity, generally, breed disease (Venter and Venter 2007). 
Low to moderate nutrient levels and a general optimal temperature of 24 to 26°C (21 to 24°C 
recommended by Engelbrecht 1980), provided as bottom heat to the growing medium, is 
preferred for seed germination (Hoover 2008). Seed trays should be at least 10 cm deep 
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(Carr 1994). Germinating seeds, as well as developing seedlings, require a humid 
environment and a moist, but not saturated, medium for optimal growth (Scoggins 2008). A 
well-drained, sandy or „light soil‟ medium is suggested for seed germination, one part soil to 
one part light sifted compost (Carr 1994). Clay soil should not be used, due to its tendency to 
crust whilst drying out and seeds being lost with run-off when watered (Carr 1994). In 
commercial operations, routine checks of the pH and soluble salt levels i.e. electrical 
conductivity, of growing media ensure that seedlings are not damaged by inappropriate 
levels of soluble salts in the medium, fertilizer or irrigation water being used (Scoggins 
2008). A pH range of 5.4 to 6.1 and electrical conductivity of 0.5 to 1.2 dS.m-1 during 
germination is considered safe (Scoggins 2008). 
Hardening of seedlings by placing them in full sunlight encourages stem thickening and 
lignification of tissues in seedlings (Stratton et al. 1997). To ensure economic use of 
rehabilitation nurseries‟ resources, species that germinate fast and readily should be planted 
into individual containers, and species that show erratic or low germination rates should be 
sown into propagation flats, and transplanted when they reach a suitable size (Stratton et al. 
1997).  
Seed dormancy and scarification 
In order to avoid and survive environmental conditions unsuitable for seed germination and 
seedling development, plants employ various mechanisms of avoiding or delaying 
germination i.e. seed dormancy. Breaking of seed dormancy, a morphological or 
physiological state where germination cannot be induced even by exposure to ideal 
environmental conditions, may require seed stratification or scarification (Beyl 2008c). 
Stratification involves placing seeds in layers of moist sand or soil and providing heat or cold, 
depending on the species, for up to several weeks at a time (Beyl 2008c). Scarification is the 
mechanical or chemical weakening or removal of the seed coat, which allows water to 
penetrate the seed i.e. seed imbibition, Phase I of germination (Beyl 2008c). Scarification 
occurs naturally through soil microbial action and insect activity i.e. mechanical; seed 
passing through the digestive tracts of animals i.e. chemical or acid scarification, and fire i.e. 
heat scarification (Beyl 2008c). Scarification can be mimicked by: filing seeds with 
sandpaper; cracking or nicking tough seed coats with a hammer or sharp knife; placing 
seeds in hot water, to 77 to 100°C, which cracks the seed coat and leaches out germination 
inhibitors; or placing seeds in concentrated sulphuric acid, weakening the seed coat 
(Engelbrecht 1980, Carr, 1994, Nichols 2005, Beyl 2008c).  
Seed pre-germination and priming involves manipulating the different phases of germination, 
their associated physiological activation processes, and the water potential within seeds 
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(Beyl 2008c). These processes are used particularly in agricultural applications, to ensure 
that seed germination occurs more quickly and uniformly, and that seedlings grow vigorously 
soon after planting and under optimum climatic conditions (Beyl 2008c). Seed pre-
germination involves germinating seeds to the point of emergence of the radicle, Phase III of 
germination, then re-drying seeds to their original dry weight (Beyl 2008c). Seed priming 
involves bringing seeds to Phase II, or the activation or lag phase of germination – when 
enzymatic activity and breakdown of stored food resources start to occur – then re-drying 
seeds (Beyl 2008c). When seeds are re-sown, germination occurs faster, more uniformly 
and under environmental conditions, such as higher temperatures, which they normally 
wouldn‟t if sown without priming (Beyl 2008c). An example is lettuce seeds, which 
experience irreversible thermodormancy at temperatures exceeding 30°C and are, therefore, 
primed before sowing (Beyl 2008c).  
2.2.2 Propagation from cuttings 
A cutting is a portion of a plant, such as the stem, leaf or root, which will regenerate its 
missing plant parts when provided with suitable environmental conditions (Ruter 2008). 
Propagation from cuttings is a vegetative or clonal (asexual) method of plant reproduction 
(Hartmann et al. 1997). Successful propagation from cuttings requires adventitious root 
formation, or rhizogenesis, as its primary regenerative process (Hartmann et al. 1997).  
Adventitious root and bud formation is possible due to the ability of cells to dedifferentiate i.e. 
the development of a new meristematic growth point from already-differentiated cells 
(Hartmann et al. 1997). There are two types of adventitious roots – preformed and wound-
induced roots. Preformed or latent root initials are dormant until cuttings are made from 
stems and favourable conditions for rooting are created (Papparozzi 2008). Wound-induced 
roots form where cuttings have been wounded, and include: points where leaves have been 
stripped from the stem; where the cutting was severed from the stock plant, and a slice cut 
into the base of the cutting – this leads to callus formation, or callogenesis, cell division and 
root development (Ruter 2008, Papparozzi 2008). Wound-induced roots form from 
dedifferentiated parenchyma and cambial cells from in, around and near the cortex and 
vascular bundles (Paparozzi 2008). Wounding is associated with the production of suberin 
and phenolic compounds, and/or callus formation, to seal the wound (Papparozzi 2008). The 
induction/initiation phase of rooting involves cell division, elongation and differentiation into 
various root tissues, until roots are formed and able to take up water, oxygen and nutrients 
(Papparozzi 2008).  
Stem cuttings 
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The season at which stem cuttings are collected affects their strike* rate – generally, warmer 
months i.e. spring to autumn are best for taking cuttings (Nichols 2005, Van Jaarsveld 2010) 
[* “strike (noun) sending out of plant roots: the establishment of roots by a plant cutting or 
seedling” (Microsoft Encarta Dictionaries 2009)]. Enough cuttings need to be collected to 
compensate for a poor strike rate, and cuttings must be processed and planted quickly, to 
retain their viability. The size of cutting taken is dependent on the species or family of plant. 
Cuttings should be taken from straight stems, a clean cut made with a sharp knife limiting 
damage to the stem – damaged stems may encourage pathogens or a low strike rate 
(Nichols 2005). 
Cuttings of deciduous woody angiosperms exposed to different day lengths i.e. long days 
(15 hours of daylight) vs short days (8 hours of daylight), during rooting have been found to 
respond differently to evergreen species (Smith and Wareing 1972). Once thought to be a 
response to photo-stimulation of dormant apices, it was found that the production of root-
inducing substances, such as auxins, in plants was, in fact, controlled by exposure to long 
days (Smith and Wareing 1972). Leaves and internodes are expanded for longer periods on 
long summer days, and were found to have higher auxin contents, in the form of indole-
acetic acid (IAA) (Smith and Wareing 1972). Evergreen species‟ cuttings tested for rooting 
were not affected by day length, but deciduous species‟ cuttings achieved significantly 
greater strike when taken on long days, compared to cuttings taken on short days (Smith 
and Wareing 1972). 
The thickness of cuttings taken is also important – taking thicker cuttings ensures they have 
enough stored reserves for rooting and growth (Hudson 1997). This is especially true for 
thin-leaved, non-succulent plants that lack the stored reserves of water and nutrients that 
succulent and semi-succulent plants naturally possess (Van Jaarsveld 2010). Thin-leaved 
plants require humid and moist environments for rooting (Van Jaarsveld 2010). The length of 
cutting that should be taken is dependent on the plant species, type of cutting and rooting 
environment. In the case of Morus alba L. (white mullberry), cuttings 5 cm in length showed 
best strike, root growth and root dry mass when grown in the open, compared to 10 cm and 
longer cuttings grown in a polyethylene low tunnel, the humid environment of which favoured 
vegetative growth over root growth (Ahmad et al. 2010). The presence of more space to 
grow in the rooting medium when using smaller cuttings was also thought to benefit rooting 
(Ahmad et al. 2010). 
Cuttings taken from trees of different physiological ages differ in terms of rooting potential 
(Yeboah et al. 2009). When comparing the rooting potential of different-aged woods, 
coppiced cuttings of Vitellaria paradoxa Gaertn (sheanut tree) showed significantly greater 
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strike and longer roots than soft- and semi-hardwood cuttings – most likely due coppiced 
cuttings experiencing high auxin levels and initial active growth period (Yeboah et al. 2009). 
In general, young trees‟ cuttings root more readily, as well as trees growing vigorously in 
ideal light and nutrient conditions, with a high C:N ratio (Itoh et al. 2002, Nursery Production 
Factsheet 2011a). Oak cuttings taken from seedlings in their first year of growth achieved 
better percentage strike than those taken from the second year of growth, regardless of the 
rooting medium (Enescu and Enescu 1988). Plants that have entered „maturity‟ – when the 
apical meristem turns to flowering rather than vegetative growth – are more difficult to 
propagative via vegetative means, whether from stem or root cuttings, than „juvenile‟ plants 
(Beyl 2008a). The switch from the „juvenile‟ to „mature‟ phase in plants is said to be 
epigenetic i.e. where an environmental cue, such as change in temperature or day length, 
causes a change in gene expression within cells, the change perpetuated with each cell 
division until tissues, and ultimately the entire plant „loses juvenility‟ (Beyl 2008a). An 
example is the juvenile lobed vs mature entire leaves of English ivy, Hedera helix L. (Beyl 
2008a). 
The region on the plant from which cuttings are taken is important. In Podocarpus falcatus 
(Thunb.) R.Br. ex Mirb., cuttings taken from lateral branches and shoots produce plants with 
lateral, branching habits, rather than upright plants (Venter and Venter 2007). Cuttings 
should, therefore, be taken from vertically growing shoots (Ruter 2008).  
Collected cuttings should be placed in clear plastic or Ziploc bags in a shaded area to keep 
them damp and cool, when collecting material from the wild (Nichols 2005). An anti-stress 
drench, such as cool water with seaweed extract, vitamin B12 or sugar, can be used to „perk 
up‟ cuttings (Nichols 2005). 
There are various types of stem cuttings – softwood, semi-hardwood, hardwood and heel 
cuttings, and truncheons. 
Softwood or soft-tip cuttings are used to propagate herbaceous species of plants (Nichols 
2005), and deciduous or evergreen species (Hudson 1997). Softwood cuttings are taken 
from new, actively growing spring growth (Relf and Ball 2001), and strike easier and faster 
than semi-hardwood or hardwood cuttings, particularly with the application of rooting 
hormone (Hudson 1997). Softwood cuttings, however, require intermittent misting and 
heated beds, making them more labour-intensive and expensive to produce (Hudson 1997). 
Cuttings from the tips of stems that include the first four nodes, should be made. Half to two 
thirds of the leaves are then removed, and the stem cut at right angles to its length below the 
base of the lowest node. Rooting hormone, if required, is then applied to the base of the 
cutting and the cutting planted into a dibbed hole in the rooting medium, with two nodes 
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below and two nodes above the soil. Care should be taken not to damage the base of the 
cutting. The cutting should be watered thoroughly and kept damp using a misting system or 
kept under waterproof sheeting. Rooting may take 10 days to weeks, depending on the 
species or the rooting environment (Nichols 2005). It is recommended that the terminal 
growth tip, as well as any fruits or flowers that may develop, be removed (Ruter 2008).  
Semi-hardwood cuttings are used to propagate woody, broadleaf evergreen species and 
taken from partially matured, „but not yet woody‟ sections of new late spring to midsummer 
growth (Hudson 1997, Ruter 2008). Semi-hardwood cuttings are usually taken 8 to 16 cm 
long and leaves are removed from the bottom third of the cutting, or even cut smaller to 
reduce transpiration (Ruter 2008). In a study of the correlation between type and stage of 
lenticel development in tree and shrub species, stem cuttings of species with an open type of 
lenticel structure were found to root more readily (Swingle 1940). 
Hardwood cuttings are made to propagate shrubs and trees, and should be taken from 
stems of the previous season‟s growth that are about pencil-thick (Nichols 2005). Evergreen 
hardwood cuttings should be taken at the beginning of the growing season i.e. spring or 
early summer. Deciduous hardwood cuttings should be taken during the dormant season i.e. 
late winter or early spring, „when the sap is rising, and the buds are about to swell‟ (Relf and 
Ball 2001, Nichols 2005, Ruter 2008). Cold frames are suggested as the best rooting 
environment for hardwood cuttings, as they offer protection from the elements, and do not 
become too humid (Nichols 2005). 
According to Pienaar (1993), 20 to 25 cm long hardwood cuttings should be taken in winter 
from the hard section of stem close to the current year‟s growth. Venter and Venter (2007) 
recommend 15 cm long cuttings for hardwood and semi-hardwood cuttings, and Ruter 
(2008) recommends 15 to 30 cm cuttings taken from the middle of the stem and containing 
three nodes. The bottom edge of the cutting should be cut off perpendicularly below a node, 
and the top end at an angle to know which is end is up and to allow water to run off cutting 
tips, preventing rot (Venter and Venter 2007). All leaves should be removed from the bottom 
of the cutting, the cutting dipped into rooting hormone and planted two thirds into the ground. 
Well-drained soil should be used as a growing medium. Cuttings can be planted out once 
strong new growth forms (Pienaar 1993). 
Heel cuttings are made by tearing a short, actively growing side shoot from a main stem, so 
that a part of the main stem or „mother‟ plant, the heel, is still attached to the cutting base 
(Nichols 2005). These cuttings are reportedly the most successful type of cutting in the 
propagation of shrubs and trees, as the heel of the stem is theorized to contain more food 
reserves than the rest of the stem (Cath 1972). Roots form from callus tissue at the heel, 
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and heel cuttings should be treated as soft- or hardwood cuttings when rooting (Nichols 
2005).  
A low-effort method of instantly producing large plants from large cuttings, is propagation 
from truncheons (Nichols 2005). A truncheon is a large branch with a diameter of more than 
4 cm (Nichols 2005), and more than 1 m in length (Venter and Venter 2007). Propagation 
from truncheons is used successfully in the propagation of succulent trees, such as 
Portulacaria afra Jacq., and trees in the Families Anacardiaceae, Fabaceae, Euphorbiaceae, 
Burseraceae and Bombaceae (Nichols 2005). Certain fig trees, as well as Sclerocarya birrea 
(A.Rich.) Hochst. subsp. caffra (Sond.) Kokwaro (Marula), Erythrina caffra Thunb., E. 
lysistemon Hutch., Barringonia racemosa (L.) Roxb. (powder puff yree) and Commiphora 
woodii Engl. (Wood‟s corkwood), can also be propagated from truncheons, especially in dry 
areas (Nichols 2005). 
Propagation from truncheons is best done in late winter or early spring. Truncheons should 
be buried one third underground, with root establishment taking up to one growing season 
(Nichols 2005). Placing river sand at the bottom of planting holes promotes drainage and 
reduces fungal infection (Venter and Venter 2007). 
Propagation from root cuttings requires the formation of a new adventitious root and 
adventitious bud system (Hartmann et al. 1997). It is quite labour-intensive, as it requires the 
digging up of roots from the ground. Root cuttings usually produce adventitious shoots first, 
followed by roots produced from the base of the new adventitious shoot, rather than the 
original root cutting. In some cases, adventitious roots are produced prior to adventitious 
shoots (Hartmann et al. 1997). 
Propagation from root cuttings is most successful if cuttings are taken from young stock 
plants in late winter or early spring, prior to the growing season i.e. the dormant season, 
when much stored carbohydrates are available (Hartmann et al. 1997). It is important to 
maintain polarity i.e. “the quality or condition inherent in a cutting that exhibits different 
properties in opposite parts, i.e., stem cuttings form shoots at the distal end (nearest the 
shoot tip), and roots form at the proximal end (nearest the crown, which is the junction of the 
shoot and root system)” (Hartmann et al. 1997). Root cuttings generally form shoots at the 
proximal end and roots at the distal end. Polarity is believed to be related to the movement 
of auxins in the plant. Root cuttings should be planted with the proximal ends up (from where 
shoots form) and the distal ends down (from where the roots form). To avoid confusion, the 
distal end can be cut at a slant and the proximal end straight. Root cuttings can be planted 
with their proximal ends level with the soil, or horizontally, 2.5 to 5 cm deep into soil to 
eliminate confusion of which side is up or down (Hartmann et al. 1997). 
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The method of propagation from root cuttings used depends on the species and the size of 
roots used for propagation (Hartmann et al. 1997). Small, delicate roots are best propagated 
in cells of propagation flats in a heated and shaded area i.e. greenhouse or glass or 
polyethylene covered-hotbed, to reduce moisture loss, using short roots 2.5 to 5 cm long. 
After shoots and roots form, cuttings can be planted out. Fleshy roots, 5 to 7.5 cm long, 
should be planted vertically in propagation flats or containers in a greenhouse or hotbed, 
and can be stored as such during the dormant period i.e. winter, and planted out after active 
spring growth (Hartmann et al. 1997). 
Large roots should be propagated using 5 to 15 cm long sections of root (Hartmann et al. 
1997). Sections of roots are usually tied in bundles and labelled with polarity in mind, and 
packed in layers of damp sand, bark, sawdust, or moss peat and stored at 4.5 ºC for 3 
weeks, after which they can be planted out vertically with proximal ends level with the soil. 
As new shoots form from roots, these shoots can be further propagated as softwood cuttings 
in a misting system. This is believed to improve the growth rate and production time of 
cuttings (Hartmann et al. 1997). 
If the roots of species known to sucker are removed and cut into sections, buds form even 
more readily to produce suckers. It often happens, however, that root cuttings more easily 
produce adventitious buds, but new root meristems are not as readily produced, with roots 
developing from latent lateral root initials or attached lateral roots, rather than new 
adventitious buds (Hartmann et al. 1997). 
Species such as Ehretia rigida (Thunb.) Druce, Jasminum species, Searsia pentheri 
(Zahlbr.) Moffett, Searsia chirindensis (Baker f.) Moffett and Searsia rehmanniana (Engl.) 
Moffett are known, from road cuttings, to regrow from roots (Nichols 2005). Other species 
that have been propagated from root cuttings include: Plumbago species; Rhus copallina L., 
Rhus glabra L. and Rhus typhina L. – all American sumac species (Hartmann et al. 1997). 
Nichols (2005) suggests that, where seasons are well-defined, root cuttings should be taken 
in spring to early summer, or at the beginning of the growing season when the „sap is rising‟. 
Finger-thick root cuttings, 15 cm long, should be taken and laid horizontally in a mist bed or 
in a tray of sharp river sand. The root should be buried to a depth of its own diameter in the 
sand, and kept damp (Nichols 2005). 
Leaf cuttings are made by placing severed leaves slightly into or above well-drained river 
sand that is kept damp (Nichols 2005). Genera such as Crassula, Kalanchoe, Sansevieria, 
Gasteria and Haworthia can be propagated from leaf cuttings (Nichols 2005).  
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Layering is where „adventitious roots are initiated on a stem still attached to the plant‟ 
(Hartmann et al. 1997). The layer is the rooted stem which can be removed from the parent 
plant and transplanted. Layering is most often used in the propagation of „hard-to-root‟ 
species of high economic value, as it is a labour and cost-intensive propagation method. On 
a small scale, it can only be used to produce a few plants from a single specimen, and is not 
effective in propagating large quantities of plants (Nichols 2005). 
There are various advantages to layering (Hartmann et al. 1997). Relatively large plants are 
produced from layered sections of stem. The layer receives a continuous supply of water, 
hormones and nutrients from the conductive tissue of the „parent‟ plant, which aids in rooting 
and avoids the water stress and nutrient-leaching associated with propagation from cuttings. 
Rooting can be encouraged by using auxins such as indolebutyric acid (IBA). During 
layering, it is important that the growing medium used for rooting provides sufficient 
moisture, aeration and light exclusion, as well as extreme temperature exclusion (Hartmann 
et al. 1997). 
Layering is usually done in spring on dormant hardwood shoots, with rooting starting later in 
the season after sufficient carbohydrates and nutrients have accumulated in stems 
(Hartmann et al. 1997). There are different types of layering, all based on the exclusion of 
light from shoots to encourage root formation, and include: simple, compound, serpentine, 
air, mount, trench and drop layering (Hartmann et al. 1997).  
Simple layering is a form of ground layering, which involves bending already-grown stems or 
shoots over to the ground and covering them with soil in order to promote adventitious root 
formation where shoots have been covered with soil (Hartmann et al. 1997). This method is 
particularly useful in the propagation of woody species that readily produce new shoots each 
year, or species that produce suckers. 
Simple layering is best done in spring, using „flexible, dormant, one-year-old shoot branches 
of the plant, which can be bent easily to the ground‟ (Hartmann et al. 1997). Shoots are 
fastened to the ground and bent upwards into a U-shape, with the underground bend of the 
shoot often cut or girdled to promote rooting, and the tip of the shoot above ground. Young 
shoots layered in the spring can be removed by the end of the growing season, or before the 
next growing season starts. Mature shoots should be left until right before or removed after 
the next growing season. Removed layers should be treated as rooted cuttings (Hartmann et 
al. 1997).  
Nichols (2005) advises making a slanting cut on the underside of the stem to be layered, 
applying rooting hormone to the cut and pegging the cut section of stem firmly into the 
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ground. Rooting may take weeks to months, depending on the time of year and species of 
plant. 
Compound layering is similar to simple layering, but in compound layering the stem is 
pegged down horizontally to lie level with the ground (Hartmann et al. 1997). Multiple shoots 
with roots develop above ground, after which a trench is dug and the new shoots planted 
into the ground. Once shoots are well-rooted and established, they can be removed and 
transplanted.  
Though not efficient in mass propagation of plants, air layering is very effective in the 
propagation of certain species that don‟t root readily, such as certain fig species (Nichols 
2005). This method is only effective in producing a few large plants, from stems of the 
previous season‟s growth or partially-hardened shoots of late summer (Hartmann et al. 
1997). It has been observed that root formation is faster where photosynthetically active 
leaves are present (Hartmann et al. 1997), as is the general case when producing layers. It 
is not advisable to use stems older than a year, as larger layers are more difficult to handle 
and don‟t root as readily (Hartmann et al. 1997). 
Air layering is done by 90% ring barking a section of stem; applying rooting hormone to the 
ring barked area; enclosing the area in damp vermiculite or peat and coarse sand in a 
section of black plastic bag, and tying both ends of the bag off with string to limit water loss. 
Plastic bags are removed after about 6 weeks to check if roots have formed. Once roots fill 
up the bag, the stem is cut below the air layered section; planted out; kept in a shaded, 
sheltered area, and watered and fed regularly (Nichols 2005). 
The width of bark removed during ring-barking of the stem, should be 3 to 4 times that of the 
stem diameter (Hartmann et al. 1997). Ring-barking removes the phloem and cambium 
tissue, which discourages healing of the stem (Hartmann et al. 1997). Alternatively, one or 
two 3 cm long upward slanting cuts into the stem can also be made to separate the cambium 
and xylem tissue layers, with the rooting medium e.g. sphagnum moss, and a toothpick 
placed in between to keep the layers separated. The application of rooting hormone e.g. IBA 
and a moist (not wet, in order to prevent rotting and promote rooting) rooting medium e.g. 
sphagnum moss, approximately 12 x 8 cm in volume, is recommended (Hartmann et al. 
1997). The ring-barked section of stem should be covered by the top one third of the rooting 
medium. The air layered region of stem and rooting medium can be enclosed in a square 
section of transparent polyethylene film, with the ends tied off with insulation tape and folded 
in to conserve moisture, and further covered with aluminium foil, to reduce light and high 
temperatures (Hartmann et al. 1997).  
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Rooting can be checked by removing the aluminium foil. Primary adventitious roots are 
usually thick, followed by fibrous secondary roots (Hartmann et al. 1997). Air layers made in 
spring usually root within 2 to 3 months, and can be removed in the fall when stems become 
dormant, which is the best time to remove layers. As the ratio of roots to stem is low, the 
stem should be pruned once planted out and placed in a shaded area and watered using a 
misting system, before being hardened off gradually (Hartmann et al. 1997).  
Some species, such as Plumbago auriculata Lam., Searsia species and Ehretia rigida 
(Nichols 2005), readily produce adventitious shoots, called suckers, from adventitious buds 
on roots. This is a natural form of layering and the process of removing suckers is called 
suckering (Hartmann et al. 1997). Suckers should be dug out of the ground and cut from the 
parent plants‟ roots, rather than being pulled out, and, like air layers, should be removed 
during the dormant season (Hartmann et al. 1997). 
2.2.3 Rooting hormone 
Plant growth regulators (PGR), like plant hormones, are natural or man-made organic 
substances used to control various aspects of plant growth and development (Cheng et al. 
2008). Auxin, a class of plant hormones, which includes IAA and IBA, is reproduced 
synthetically and used to stimulate adventitious root initiation and development on stem and 
leaf cuttings in the horticultural industry (Cheng et al. 2008). Rooting hormones speed up 
root formation, increase the percentage and uniformity of rooting in cuttings, and improve the 
number and quality of roots formed (Ruter 2008). IAA and IBA are found in the meristematic 
tissue of leaf primordia, young leaves and shoot and root apices, and developing seeds 
(Cheng et al. 2008, Osborn et al. 2008). ‘Easy to root’ species are species that don‟t require 
the application of auxin to produce adventitious roots (Sutter and Burger 2008). For species 
that do require auxin, it is important to match the right formulation and strength of rooting 
hormone applied with the type of cutting taken (Sutter and Burger 2008).  
Initial studies on propagation from cuttings set the apparent limit of concentration of auxin 
solutions for the successful rooting of softwood cuttings, at approximately 5 to 100 ppm 
(Swingle 1940). In hardwood cuttings, higher auxin concentrations, or solutions applied for a 
longer period than in softwood cuttings, were recommended (Swingle 1940). Pre-callusing 
treatment of hardwood cuttings, prior to the application of auxin, resulted in more successful 
rooting, and reduced adverse effects possibly caused by too high concentrations of auxin 
(Swingle 1940). Cuttings with a thicker diameter, as well as the application of auxin via talc 
dust, rather than in solution, were found to improve rooting of soft- and hardwood cuttings 
(Swingle 1940). 
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There are disadvantages to the use of auxins to stimulate root growth. High concentrations 
of auxins may inhibit the growth of root primordia and root elongation in stem cuttings, and 
IAA is quickly broken down by light and microorganisms – IBA or naphthalene acetic acid 
(NAA) being used instead (Cheng et al. 2008, Ruter 2008). IBA and NAA are available in 
liquid or powder forms, IBA the most commonly used auxin (De Klerk et al. 1999). The 
application of IBA to leafy stem cuttings of the forest tree, Pausinystalia johimbe K. Schum, 
was found to improve rooting more than the application of IAA or NAA (Tchoundjeu et al. 
2004).  
 
The effectiveness of IBA in promoting root formation is dependent on pH of the medium, 
lower concentrations of IBA being more effective at lower than higher pH (Ludwig-Müller 
2003). When cuttings are taken the stem apex, the source of endogenous auxin, is removed, 
lowering endogenous auxin in cuttings which may, therefore, produce fewer roots. Auxin 
applied to cut ends of stems is taken up directly from cut surface and through pH trapping 
and influx carriers (De Klerk et al. 1999). 
 
Auxin transport, as well as shoot and root growth, are aided by carbohydrates (Yeboah et al. 
2009). Combined with Seradix© No. 3, coppiced cuttings of Vitellaria paradoxa Gaertn 
dipped in a 15% sucrose solution showed significantly higher strike, root number and length 
than control and 25% sucrose solutions (Yeboah et al. 2009).  
 
2.2.4 The propagation environment 
Successful propagation requires the provision of optimal conditions for growth i.e. the 
appropriate temperature, light, moisture and air circulation regime; sterile, insect and disease 
free containers, and good quality growing media. It also requires monitoring of the 
propagation environment for changes in these conditions, made easier by keeping the 
propagation area clean and preventative treatment with fungicide and insecticide (Oliver 
1993). By not overcrowding plants, and providing good ventilation, air circulation around 
plants reduces fungal and bacterial infections (Oliver 1993). Fungal infection of leaves and 
stems results in cutting death, due to the release of toxins by the fungi into plant tissue 
(Yeboah et al. 2010). The removal of fallen and infected leaves from cuttings is 
recommended to reduce the spread of infection (Yeboah et al. 2009). Spraying cuttings with 
fungicide aids in leaf retention, photosynthesis and the production of hormone and nutrients 
essential to rooting and cutting growth (Yeboah et al. 2010).  
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Temperature 
The general optimal soil temperature for plant growth is 15 to 30°C (Preece and Read 2005).  
In agricultural terms, cool season crops grow best at the lower, and warm season best at the 
upper limits of this temperature range (Preece and Read 2005). The same principal applies 
to the root growth of cold and warm season crops, where low soil temperature causes root 
resistance to water and nutrient uptake, resulting in wilting and slowed plant growth (Preece 
and Read 2005). 
Various temperature ranges to be maintained in the rooting medium and rooting zone, are 
recommended – 21 to 24°C (Relf and Ball 2001), 21 to 27°C (Preece and Read 2005), 19 to 
28°C (Venter and Venter 2007) and  19 to 24°C  (Nursery Production Factsheet 2011a) – an 
overall warm range of 19 to 28°C. An overall air temperature range of 18 to 27°C is 
recommended – 21 to 24°C (Relf and Ball 2001), 21 to 27°C (Preece and Read 2005, 
Nursery Production Factsheet 2011a) and 18 to 24°C (Ruter 2008). A night temperature 
minimum of 15°C is recommended (Preece and Read 2005, Nursery Production Factsheet 
2011a). Cuttings rooted in summer do not require additional heat (Nursery Production 
Factsheet 2011a).  
Root initiation usually requires a high bottom heat of around 30°C (Papparozzi 2008), or an 
optimum temperature 5 to 7°C higher than root elongation (Preece and Read 2005). In order 
to stimulate root initiation, bottom heating is often used – resulting in faster rooting and 
increased strike, compared to cooler media (Preece and Read 2005). Bottom heat is 
provided using bottom-heated beds, or by keeping cuttings in a warm area (Venter and 
Venter 2007). Bottom heat also reduces the need for rooting hormone, reduces disease and 
produces better-quality cuttings (Ruter 2008).  
Root elongation is stimulated by lowering the temperature of the medium (Preece and Read 
2005). Root formation and development requires lowering the temperature to 20°C 
(Papparozzi 2008). Where the temperature of the rooting environment is too low, as 
experienced in Populus x robusta Schneid. stem cuttings kept at 15°C in an incubation 
chamber (Smith and Wareing 1972), delayed rooting can lead to leaf abscission. In this 
case, rooting success was achieved by increasing the temperature to 20°C (Smith and 
Wareing 1972). 
At high temperatures, respiration starts to exceed photosynthesis, leading to plant stress 
(Relf and Ball 2001). Increased temperature also increases the metabolic rate, particularly 
that of respiration and, therefore, water loss via transpiration (Hudson 1997). The 
maintenance of a high humidity and low temperature around leaves reduces temperature 
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and drought stress caused by high temperatures outside, or in the propagation area 
(Nursery Production Factsheet 2011a). Where leaves are left intact, this causes cuttings to 
dry out and die, particularly where an unsuitable rooting medium, watering or misting regime 
is used, and especially in herbaceous cuttings (Hudson 1997). Container-grown plants 
experience greater temperature fluctuations and extremes than plants growing in soil 
outdoors (Ingram et al. 1993). Dark soils, and dark plastic sheets or containers, can also 
cause overheating and burning of seedlings or cuttings at the soil surface (Preece and Read 
2005). Darker containers become warmer in direct sunlight and may cause damage to 
plants, compared to lighter-coloured containers (Preece and Read 2005).  
Light 
Light is important not at the rooting phase, but at the development phase where 
photosynthesis produces the carbohydrates required for cutting growth (Papparozzi 2008). 
The presence of carbohydrates and nutrients in stems at the time of cutting collection, as 
well as production of carbohydrates via photosynthesis during rooting, have been found to 
improve the rooting potential of cuttings (Leakey et al. 1990). High light associated with high 
temperatures, however, causes increased transpiration and water stress, which leads to leaf 
fall or cutting death (Papparozzi 2008, Nursery Production Factsheet 2011a). Maintaining a 
high humidity and shading cuttings, especially where leaves are left intact for photosynthesis 
and during the hot summer months, reduces drying out of stems and leaves (Papparozzi 
2008, Nursery Production Factsheet 2011a). Once thought to hinder photosynthesis, it is 
believed that 20% shading from spring to autumn in the mass production of forestry trees in 
the northern hemisphere, promotes rooting (Hudson 1997). Succulents prefer a 40% shade 
environment for optimal growth (Oliver 1993). Shading as high as 65 to 75% is 
recommended in summer months, to reduce heat stress and transpiration rate, without 
hindering optimal photosynthesis (Nursery Production Factsheet 2011a). 
Moisture 
Osmotic adjustment is not possible in cuttings due to their lack of root systems, causing 
cuttings to lose turgor, wilt and die (Hudson 1997). Unrooted cuttings have low 
photosynthetic rates due to a limited water supply in cut stems, and cuttings only show 
normal photosynthetic and transpiration rates and stomatal conductance once root initiation 
has occurred, as seen in cuttings of Euphorbia pulcherrima Willd. ex Klotzsch „Peterstar 
Red‟ (Poinsettia) (Peter 2010).  
Keeping cuttings in a humid environment is recommended, to reduce transpiration e.g. using 
an intermittent mist system. The leaves on cuttings can also be removed, or cut smaller in 
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the case of large-leaves species grown in intermittent mist systems. Reducing the number or 
area of leaves also increases space in the propagation tray, reduces shading and the 
blocking of air flow between cuttings, and reduces the introduction of disease due to rotting 
leaves in trays (Criley 2008). The use of a free-draining growing medium is particularly 
important in intermittent mist systems (Cath 1972). Polyethylene sheeting can also be tied 
over propagation benches or boxes, to maintain high humidity – a well-aired environment, 
however, discourages fungal growth (Relf and Ball 2001). 
Generally, overwatering and overfertilization leads to disease, especially in succulents 
(Oliver 1993). Containers which are wider than they are deep drain less thoroughly than 
deeper containers (Chong 2008). Good drainage is particularly important when propagating 
succulent species that are susceptible to rotting – proper drainage holes are essential (Oliver 
1993). 
2.2.5 Growing media  
Materials used as propagation media are grouped into inorganic i.e. sand, perlite, 
vermiculite, polystyrene balls and rock wool, and organic i.e. peat, bark, wood by-products 
and compost, types (Chong 2008). „Artificial‟ mixes i.e. soilless growing media, are most 
popular for commercial use and usually contain sphagnum moss peat and perlite or 
vermiculite, called „peat-lite‟ mixes (Relf and Ball 2001, Chong 2008). These media are 
generally weed, pest and disease-free (Relf and Ball 2001), sterilized and blended to suit 
specific propagation requirements (TML Propagation Protocols n.d.).  
Guidelines when choosing a suitable growing medium, or propagation substrate, include: 
ensuring that the medium is firm enough to hold the cutting still and upright during rooting; 
doesn‟t shrink when drying out or break down during use; is aired and drained efficiently, to 
ensure optimal aeration and watering; is weed, pest and disease free; provides adequate 
nutrients for plant growth; is easily penetrated by roots; can be sterilized using steam, and is 
uniform, relatively inexpensive and preferably light weight (Richards et al. 1964, Relf and 
Ball 2001, Preece and Read 2005, Venter and Venter 2007, Ruter 2008).  
In general, the degree of aeration and water-holding capacity of growing media are 
negatively correlated i.e. well-aerated, „loose‟ media hold less water and nutrients than fine, 
„dense‟ media. Fine media have a tendency to compact and are better suited to intermittent 
mist systems, where little watering is received at a time (Chong 2008). A coarse medium is 
better suited to manual watering, with rooted cuttings pulling away more easily (Chong 
2008). The wettability i.e. the ability of a dry medium „to rapidly absorb water when 
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moistened‟, as well the amount of available water for absorption by cuttings after watering, 
affect the type of watering applied to cuttings (Will and Faust 2009).  
Bulk density is calculated as mass of growing medium per unit volume [grams per cubic 
centimetre] (Chong 2008). The most commonly used media have a bulk density of 0.5 g   
cm-3, the general bulk density of soil being 1 to 1.8 g cm-3 (Chong 2008). Peat, vermiculite 
and perlite have bulk densities of 0.05 to 0.5, 0.06 to 0.16 and 0.24 g cm-3, respectively 
(Chong et al. 2008). Sand has a much higher bulk density at 1.45 to 1.65 g cm-3 (Chong et 
al. 2008).  
Porosity refers to the pore space between the media particles that can be filled with air or 
water (Chong 2008). Bulk density and porosity are inversely related (Chong 2008). Pores 
between the particles of media holding air are called macropores, and micropores are pores 
that hold water (Maragatham and Raj 2010). Low aeration porosity due to fine particle size 
and small pore spaces, reduces availability of water and air to plants (Meyer and Cunliffe 
2004). The aeration porosity of media increases with an increase in volume of propagation 
container, though total porosity remains the same, and water-retention decreases (Bish et al. 
1997). Particle size distribution determines the water-holding and aeration properties of 
medium – a larger particle size results in greater aeration, and an increase in the proportion 
of smaller particles in a medium increases its water-holding capacity (Ingram et al. 1993). A 
good potting medium is said to consist 70 to 80% by volume of 0.06 to 0.95 cm-sized 
particles, and the rest of the medium of 0.06 cm-sized particles (Robbins and Evans n.d.). 
 
Total porosity values should be 50%, but preferably 60 to 75% of the medium by volume 
(Chong 2008, Nursery Production Factsheet 2011). Plants grown outdoors require media 
with a higher total porosity (20 to 30%) in order to withstand heavy rainfall events, compared 
to greenhouse-grown plants, which require a lower total porosity (10 to 20%) and higher 
water-holding capacity (Ingram et al. 1993), as intermittent mist systems are most often 
used.  
Aeration porosity is the volume of air remaining in the medium after it has been saturated 
and freely drained of water, but before evaporation occurs (Bish et al. 1997, Chong 2008). 
An aeration porosity of 10 to 20% is considered appropriate for the growth of most species, 
but reduced growth is experienced below 10% aeration porosity, and aeration above 20 to 
25 % may lead to drought due to lower water retention with increased aeration (Meyer and 
Cunliffe 2004). Most authors agree with the statement that „it is always better to irrigate more 
frequently than to not have sufficient aeration‟ (Nursery Production Factsheet 2011), though 
care should be taken not to overwater plants (Oliver 1993). 
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Aeration porosity of a rooting medium should be 15 to 30%, to ensure proper watering 
(Chong 2008). Gislerod (1983) recommends that the air content of the rooting medium used 
should be 20 to 45%, and not lower than 15% of the volume of the medium. Chong (2008) 
and Ruter (2008) recommended an air content of 12%, and 25 to 35% of the medium, 
respectively. An aeration porosity of 20 to 25%, and as high as 45% for container-grown 
plants in a greenhouse that experiences hotter conditions and so an increased oxygen 
demand and increased carbon dioxide production, is recommended (Nursery Production 
Factsheet 2011). 
A well-aired medium will ensure an optimum oxygen diffusion rate, which promotes optimum 
root formation and growth (Gislerod 1983), and the removal of carbon dioxide, which is 
harmful in high concentrations (Chong 2008). Aeration is necessary for respiration – 
inadequate aeration causes slow growth and increases vulnerability to drought or 
overwatering, pests and diseases (Nursery Production Factsheet 2011). Roots in well-
aerated media are stronger, more succulent and less susceptible to micronutrient 
deficiencies and fungal rot (Ingram et al. 1993). Greater branching of roots in well-aerated 
media also allows propagation media to be „held‟ better by roots, which results in more 
successful transplanting and better establishment of propagated plants (Bish et al. 1997). 
A perched water table is created when watering growing media in containers, due to reduced 
aeration porosity in shallow containers and causing the bottom layer of medium to be 
waterlogged. This can be overcome by increasing container depth, to improve drainage and 
aeration (Nursery Production Factsheet 2011).  
The remaining volume of water in a medium, after it has been freely drained, is referred to as 
its water retention or water-holding capacity, and should, ideally, be between 25 and 35% 
(Chong 2008).  
Electrical conductivity is an indication of the level of dissolved nutrients in aqueous solution, 
which may potentially damage developing seedlings or cuttings (Chong 2008). Herbaceous 
and slow-growing woody species are more sensitive to salt damage than easy-rooting, fast-
growing woody species (Chong 2008). An electrical conductivity of 0.2 dS m-1 in the medium 
has not been found to be harmful to woody cuttings grown in intermittent mist systems 
(Chong 2008). Fertilizer is said to inhibit or damage root growth, as shown when using high 
concentrations of soluble salts (Preece and Read 2005), and should be avoided in rooting 
mixes (Relf and Ball 2001). Slow-release fertilizers can, however, be used where intermittent 
misting leaches out nutrients required for root growth (Preece and Read 2005).  
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A general pH range of 4 to 8.4 is tolerated by a wide range of species‟ cuttings, with acid-
loving species rooting best at a low pH range of 3.8 to 4.5 (Chong 2008). A pH of 4 and 
below has been found to suppress rooting, which is most likely related to nutrients being less 
soluble and available at low pH, than at higher pH (Chong 2008). Micronutrients are 
available at pH 6.5 and below (Ruter 2008). For inorganic propagation substrates, a pH of 
5.2 to 6.5 is acceptable (Ruter 2008). Optimal absorption of dissolved salts (nutrients) in the 
medium occurs at a pH of 6.2 to 6.8 (Engelbrecht 1980). 
Types of growing media 
Coarse, clean and well-drained sand, such as 0.5 to 2 mm diameter builder‟s sand, prevents 
rotting and, if sterilized, contains fewer pathogens than garden soil (Chong 2008, Van 
Jaarsveld 2010), but requires more frequent watering (Venter and Venter 2007). Swingle 
(1940), in his summary of early investigations into vegetative propagation techniques, 
suggests that sand used as rooting medium should have a pH of 6 or below, bearing in mind 
the possible change in pH caused by certain anti-fungal and insecticidal chemicals, and 
should have a moisture-holding capacity of between 50 and 75%. Greater callus formation, 
with little or no root formation, was observed in Nothofagus solandri var. cliffortioides (Hook. 
f.) Poole (mountain beech) cuttings grown in washed sand only, compared to cuttings grown 
in a mixture of equal parts sand and peat (Cath 1972). Rotting has been observed in finer 
sand, which may become waterlogged, and in sand and peat mixtures with more than 50% 
peat (Chong 2008). Coarse silicon dioxide sand, and not beach or calcareous sand, should 
be used in propagation mixes (Robbins and Evans n.d.). Coarse root textures have also 
been observed in cuttings growth in sand (Chong 2008).  
Rozihawati et al. (2005) achieved greatest percentage strike in leaf cuttings of the medicinal 
plant, Labisia pumila (Blume) Mez when rooted, with the application of rooting hormone 
(Seradix© No. 1), in pure sand and in a one part sand to one part sawdust mixture – which 
was also favoured by cuttings not treated with rooting hormone. Stem and petiole cuttings 
rooted best in a pure sand medium with the application of rooting hormone, and best in pure 
sawdust without the application of rooting hormone (Rozihawati et al. 2005). 
 
When using soil, sandy loam that is sterilized, weed and pest free, well-drained and aerated 
is recommended, rather than a heavy clay soil, which doesn‟t drain well (Venter and Venter 
2007). Field soils used as rooting media often tend to compact easily, have a high bulk 
density at 1.25 g cm-3 (Chong 2008), and are usually mixed with sand, perlite, calcined clay 
or polystyrene balls to improve drainage and aeration (Preece and Read 2005). Peat is most 
often used to improve fiel‟ soil, as it simultaneously improves water retention, drainage and 
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aeration (Preece and Read 2005). Sandy loam and compost are used in propagation mixes, 
but tend to house plant pathogens and often require the addition of nitrogen, as nitrogen is 
depleted in the composting process (Engelbrecht 1980).  
Perlite is a lighter and more free-draining medium than sand and can be reused, with a bulk 
density of 0.12 g cm-3 aeration porosity of around 30% and pH varying between 6.5 and 8.4 
(Chong 2008). Where perlite holds little or no water or nutrients in its structure (Ingram et al. 
1993), vermiculite has a high water and nutrient-holding capacity and contains high levels of 
calcium (Ca), magnesium (Mg) and potassium (K) in its structure (Chong 2008). Perlite is 
often used with peat, bark and compost in seedling mixes, and for rooting fast and slow-
rooting species (Chong 2008). Mixed with sphagnum peat, perlite is often used in a mixture 
of 2:1, 1:1 and 1:2 perlite to sphagnum moss peat (Chong 2008). A mixture of one part peat 
to one part perlite is recommended for a well-aerated medium, and a mixture of equal parts 
moss peat, vermiculite and perlite is best for greater moisture retention (Relf and Ball 2001). 
An excellent medium for rooting suggested by Sutter and Burger (2008) requires three to 
four parts perlite to one part moss peat or vermiculite. 
Perlite and vermiculite retain moisture, but are light, sterile and well-drained media, ideal for 
rooting leaf cuttings, cacti and other succulent species that require free drainage to prevent 
rot (Relf and Ball 2001). For best results, it is recommended that a combination of the two 
media is used (Venter and Venter 2007). Vermiculite usually has a pH of 7 to 7.5 (Chong 
2008), sometimes as high as pH 9 (Engelbrecht 1980). Vermiculite may, however, dry out 
too quickly if used alone (Relf and Ball 2001); remain too wet when watered too frequently 
(Stratton et al. 1997); compress and lose porosity over time (Preece and Read 2005), or 
reduce, instead of improve aeration when fine-textured, instead of coarse-textured 
vermiculite is used (Will and Faust 2009). 
 
Sphagnum moss peat is the partially decomposed remains of Sphagnum species, an acid 
bog moss, containing over 90% organic matter (Chong 2008). It has a pH of approximately 
3.8 to 4.5 – young sphagnum moss peat is more acidic at a pH of 3.5 to 4, is slow to 
decompose, and contains long fibres that aid in water retention, holding up to 10 times its 
dry weight in water (Chong 2008). Calcium carbonate can be used to adjust the pH of the 
propagation medium, such as in a mixture of one part moss peat to one part coarse grit per 
volume (Smith and Wareing 1972), to a more desirable value of pH 6. A pure peat medium 
shows greater water retention, but has greater shrinkage and reduced drainage, or 
increased water repellence when drying out than a peat-perlite mixture (Heiskanen 1995). 
Peat-perlite mixtures show greater wettability when the surface of medium is dry, as well as 
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greater aeration and oxygen diffusion with use of frequent irrigation, such as an intermittent 
mist system, is used (Heiskanen 1995).  
Sphagnum moss peat has an aeration porosity of around 30%, is slow to decompose, 
reasonably disease free and low in nutrients (Chong 2008). Careful watering is, however, 
required to prevent waterlogging where a pure peat medium is used for propagation (Preece 
and Read 2005). Waterlogging reduces aeration of the medium and lowers its temperature, 
which leads to a slower metabolic rate and rooting of cuttings in intermittent mist systems 
(Preece and Read 2005). Lowered temperature in intermittent mist systems is usually 
counter-acted by using bottom heat in the medium, which also stimulates rooting (Preece 
and Read 2005). Sphagnum moss peat is considered a non-renewable resource (Chong 
2008) and is, therefore, and environmentally unfriendly and expensive medium to use.  
Starke Ayres has a range of different types of palm peat, including „Peat‟, „Peatgro Acidic 
Peat‟ and „Peatgro Pure Organic Peat‟, designed to improve soil acidity, aeration, drainage 
and structure (Starke Ayres n.d.). Oak cuttings rooted in a peat medium and treated with 
IBA, showed the highest cutting strike vs cuttings rooted in one part peat to one part coarse 
quartz gravel, which produced the longest roots (Enescu and Enescu 1988).  
 
A cheaper alternative to peat is coir, or coconut husk fibres, also known as palm peat, which 
is said to be an even better medium than peat, as it well-aerated, has a high water-holding 
capacity, is disease free, slow to decompose and is less likely to compact over time (Chong 
2008). Palm peat is also easier to rewet after drying than moss peat (Robbins and Evans 
n.d.). Best rooting is achieved using a mixture of 15 to 75% by volume palm peat with perlite 
(Chong 2008). Fibrous peats, derived from grasses, sedges and reeds, decompose too 
quickly, which leads to compaction, but are found to hold plant growth regulators applied to 
propagation media, more efficiently (Ingram et al. 1993). 
 
Composted gorse, consisting of Ulex europaeus L. and U. galli Planch., spinescent shrubs 
found in northwestern Spain, has also been investigated as a cheaper substitute for peat 
(Iglesias-Díaz et al. 2009). Pure composted gorse has a bulk density 0.18 to 0.23 g cm-3, 
with a high water retention capacity of 58.6%, but was found, when used in pure form, to 
produce only 4% strike in cuttings of Thuja plicata Donn ex D. Don „Atrovirens‟, a garden 
hedge species (Iglesias-Díaz et al. 2009). The addition of coarse sand and pine bark 
compost to the composted gorse was found to significantly increase cutting strike (Iglesias-
Díaz et al. 2009). 
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Like peat, pine bark (softwood bark) is slow to decompose and is often partially composted 
prior to use, in order to break down phytotoxic phenolic compounds found in soft- and 
hardwoods (Preece and Read 2005). Composting of bark takes approximately five to seven 
weeks (Robbins and Evans n.d.). The decomposition process uses up nitrogen, making it 
unavailable to plants grown in a bark, or sawdust, medium – further necessitating 
composting prior to use (Engelbrecht 1980). The heat produced during decomposition also 
has a sterilizing effect (Engelbrecht 1980), killing off pathogens. Bark is also reasonably 
cheap and readily available from sawmills (Preece and Read 2005). A pH of 5 to 5.5, 
aeration porosity of 30 to 40% and 0.6 to 1 cm diameter chips are preferred when using 
bark, also bearing in mind that bark holds less water than peat (Chong 2008). Bark may 
increase the pH of the rooting medium and so alter the effectivity of growth regulators, such 
as rooting media, applied to cuttings – the use of higher concentrations are recommended 
(Will and Faust 2009). Bark has been found to be difficult to rewet if its left to dry to below 
35% of its total water-holding capacity, hence a wetting agent is recommended when using a 
high percentage bark in a medium (Ingram et al. 1993).  
 
A recommended seedling mix for subtropical south-east Queensland in Australia, contains 
two parts river sand to one part perlite, mixed with fine moss peat (TML Propagation 
Protocols n.d.). When „potting-on‟ seedlings or cuttings of rainforest species, one part river 
sand to one part finely shredded bark, coconut fibre or alternatively, fine loam, to one part 
leaf mould or moss peat, is recommended (TML Propagation Protocols n.d.). When rooting 
stem cuttings, a mix of one part sand to one part perlite or vermiculite to one part moss peat, 
is recommended (TML Propagation Protocols n.d.). Dry rainforest or schlerophyllous plants 
are said to root best in one part perlite or vermiculite to four parts coconut fibre, compared 
rainforest plants, which prefer a wetter medium of one part sand to one part perlite or 
vermiculite, to one part peat or coconut fibre (TML Propagation Protocols n.d.). 
 
Fresh sawdust substituted for peat when used in a 1:1 ratio of sawdust to sand, results in 
slightly lower rooting success, though the acidity of peat is suggested to encourage greater 
rot due to fungal growth than perlite or vermiculite (Cath 1972). Wood by-products, such as 
sawdust, wood shavings and wood chips, decompose faster than peat or bark and become 
waterlogged, which leads to cutting rot (Chong 2008). Also, as fresh bark and sawdust tend 
to shrink, they should be composted before use (Ruter 2008). Sawdust and other wood 
products have an inappropriately high carbon to nitrogen (C:N) ratio and are not 
recommended as appropriate propagation media (Robbins and Evans n.d.). Some species 
can be rooted successfully in sawdust, however, as in the case of Pausinystalia johimbe 
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leafy stem cuttings produced better percentage rooting in pure sawdust compared to pure 
sand or a 50:50 mixture of sand and sawdust (Tchoundjeu et al. 2004).  
 
Styrofoam balls (polystyrene foam beads) are a synthetic and „neutral‟ material – it has no 
water or nutrient-holding capabilities or impact on the pH of the propagation medium when 
used in a mix (Engelbrecht 1980). It does, however, improve aeration and is lightweight 
material, which reduces the physical weight and, therefore, cost of transporting plants in 
containers (Engelbrecht 1980). Oasis florist foam can also been used to root cuttings, being 
a sterile medium able to hold much moisture (TML Propagation Protocols n.d.), but will be 
expensive on a large scale and is best suited in commercial applications.   
 
In micropropagation, including tissue culture of cuttings i.e. rooting in vitro, with sterile agar 
as growing medium – prevents degradation of applied compounds e.g. auxins, via microbial 
action (De Klerk et al. 1999). Inorganic nutrients and carbohydrates can be added to the 
growing medium, avoiding the nutrient deficit caused by low photosynthetic capacity of 
cuttings (De Klerk et al. 1999). Micropropagation is a highly specialized and expensive 
technique, however, and is restricted to propagating economically important, difficult to grow 
and root, and disease-free species (Nursery Production Factsheet 2011a). 
 
2.2.6 Hardening off and planting out 
Cuttings root within an average of three weeks (Venter and Venter 2007), but rooting rate is 
species-specific. Following rooting, cuttings should be hardened off i.e. gradually exposed to 
higher light and reduced watering, before being planted out (Preece and Read 2005). 
Reduced watering is recommended, being „weaned off‟ intermittent mist spray, before being 
planted out into pots or bags underneath 70% shadecloth for one to two weeks, followed by 
30% shadecloth, then into full sun (Venter and Venter 2007). Intermittent mist systems allow 
for reduced transpiration and respiration rates, while maintaining optimal photosynthetic 
rates by exposure to full sunlight – through maintaining a constant film of water on the leaf 
surface (Preece and Read 2005). Cuttings grown in mist beds are more difficult to harden 
off, cutting survival being improved by hardening off prior to planting out, or potting, rather 
than after transplantation (Cath 1972). Hardening off is usually done by gradually reducing 
the frequency and shortening the exposure time of cuttings to mist, as roots develop, 
allowing for more effective water uptake (Preece and Read 2005). Hardening off promotes 
the growth of secondary roots and lignification of leaves and stems (Nursery Production 
Factsheet 2011a). 
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The type of watering applied to plants may determine their survivability after planting out. 
Plants should be watered so that the root zone is saturated, encouraging the formation of a 
deep root system, and soil should be allowed to dry between watering (Preece and Read 
2005). Shallow watering encourages a shallow root system, which is more susceptible to 
drought, as the soil surface dries out first (Preece and Read 2005). Overwatering is the 
result of too frequent watering, rather than the application of too much water at a time 
(Preece and Read 2005) – it is, therefore, best to provide a medium with too much drainage 
and underwater plants (Stratton et al. 1997), rather than overwater plants and risk cutting rot.  
Cuttings are considered ready for transplant when they can be lifted from the medium with 
their root systems intact (Chong 2008). Cuttings whose roots have become potbound are 
more likely to suffer from transplant shock, with faster-rooting species benefitting from 
planting out earlier (Chong 2008). Like cuttings, seedlings that are well-rooted and well-
branched transport and transplant better than tall, thin seedlings (Scoggins 2008).  
Though the application of auxin induces root formation, it has been found to inhibit the 
growth of primordia, roots and cuttings (shoot) (De Klerk et al. 1999). Continued exposure to 
auxin after planting out of auxin-treated cuttings may result in slow and poor root and shoot 
development, and should be avoided (De Klerk et al. 1999).  
2.2.7 Considerations when propagating for rehabilitation purposes 
Propensity towards sprouting 
It is theorized that plants that experience regular physical damage, and are, therefore, able 
to sprout or root from damaged stems, are best suited to propagation from cuttings, as 
cuttings of these species are thought to root more readily (Itoh et al. 2002). Habitats that 
experience physical damage e.g. falling trees, would, therefore, contain species that root 
readily (Itoh et al. 2002). Itoh et al. (2002) found that cuttings of species with smaller sizes 
when mature, faster diameter growth rates and whose forest saplings sprouted vigorously 
after felling, showed better rooting. These species were also found to grow at lower 
elevations on concave slopes with clayey soil (Itoh et al. 2002). 
Rehabilitation of species-rich tropical rainforests using indigenous, rather than fast-growing 
exotic species, requires establishment of a „regular planting stock‟ of indigenous tree species 
(Itoh et al. 2002). These tree species are often characterised by irregular flowering/fruiting, a 
low rate of seed production (Dick et al. 1996), recalcitrant seeds, and transplant of saplings 
collected from the wild is often unsuccessful (Itoh et al. 2002). Also, most propagation efforts 
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are focused on forest dominants used in agroforestry, not lesser-utilized species that 
contribute to greatest diversity in forest (Itoh et al. 2002). 
Thicket species are adapted to damage by large herbivores, such as browsing elephants, 
and are able to recover through vegetative growth i.e. via plantlets or severed leaves, as 
seen in Gasteria species and certain species of Aloe (Smith et al. 2008). Trampling is 
considered beneficial to spread of these species (Smith et al. 2008). Gasteria and Aloe 
species are, therefore, readily propagated from leaf cuttings and side-shoots of stems. 
Spinescence 
The selection of spinescent Thicket species for planting during rehabilitation may restrict 
access of browsers to Portulacaria afra plants, but may not exclude browsing of these 
spinescent plants themselves. Spinescence alters the browsing behaviour of large, 
indigenous ungulates, such as kudu, more than it does that of smaller ungulates, such as 
impala, or domestic goats (Cooper and Owen-Smith 1986). Thorns and spines slow down 
the eating rate and restrict the bite size. As a result  foliage losses caused by large 
herbivores do not cause the selection of unarmed, palatable species over spinescent 
species, which have higher crude protein content (Cooper and Owen-Smith 1986). Large 
ungulates just spend more time feeding on spinescent plants, than unarmed plants (Cooper 
and Owen-Smith 1986). Goats are less selective of woody species than indigenous 
browsers, such as kudu and impala, when consuming unpalatable species such as Euclea 
undulata, E. natalensis A.DC. and Carissa bispinosa (Owen-Smith and Cooper 1987). Goats 
and indigenous browsers also browse selectively on the leaf litter of certain species (Owen-
Smith and Cooper 1987). The selection of unpalatable species by goats, and not indigenous 
browsers during certain seasons, is most likely dependent on what is available in 
rangelands, rather than plant spinescence and muzzle size (Owen-Smith and Cooper 1987). 
Plants that are known to have chemical defences against herbivory are often found on 
nutrient-poor soils while plants with spinescence are found on nutrient-rich, moist soils 
(Owen-Smith and Cooper 1987), but these defences are rarely found together in the same 
species (Milton 1991). Spinescent plants are also more likely to be found on fine-textured 
soils (Milton 1991). 
Source material  
Ideally, in order to maintain the genetic integrity of the vegetation once an area has been 
rehabilitated, plant material should be collected as near as possible to the rehabilitation site. 
This is not only the most practical, but most ecologically sound practice. Local plants are 
adapted to the local climate and soil conditions, and should, therefore, be best adapted to 
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survive in the area. The area from which cuttings are taken i.e. provenance of species, and 
associated genetic variability, may have an important impact on the rooting potential of a 
species (Dick et al. 1996). In studying the rooting potential of Calliandra calothyrsus Meissn., 
however, Dick et al. (1996) found that the physiological age and morphological properties – 
as determined by a combination of genetics and environmental conditions – of plants from 
which cuttings are taken, as well as the initial leaf area and leaf retention capabilities of 
cuttings, are what determine their rooting ability.  
The timing of plant material collection is important. Stem material should be collected at the 
time of year when cutting strike is the highest – usually during late winter or early spring 
(Nichols 2005). Fruits and seeds should be collected when fresh – knowing the flowering 
and fruiting times of particular species in particular regions is, therefore, essential. 
Logistics 
One of the greatest expenses associated with propagation is a quality propagation substrate 
– quality is more important than cost (Joubert 1998), as a quality growth medium will 
produce quality plants (Ingram et al. 1993). Materials should be easily sourced, preferably 
locally to reduce transport costs, and readily available, in order to ensure consistency of 
physical and chemical properties of propagation media used (Ruter 2008). 
Temporary or permanent nurseries are usually set up, depending on the type and duration of 
a reforestation project (Jones 2005). In the case of Thicket rehabilitation, a permanent 
nursery has been set up at the Kouga Rehabilitation Nursery, part of the Working for 
Woodlands Programme‟s Subtropical Thicket Restoration Project (Powell et al. 2007). 
Permanent reforestation nurseries are set up in a central area, practically located to reduce 
the time and cost of transporting plants, ensure accessibility of labourers to and from work, 
and close to a reliable water source (Jones 2005). Nurseries located on a slight slope, 
ensure proper drainage and are less prone to insects and plant disease, than nurseries in 
valley-bottoms or level areas (Jones 2005).  
Loose, sandy loam is preferred when planting out, to a soil depth greater than 50 cm, and 
clay soil is regarded as unsuitable for planting into, as degraded clay soil is usually 
compacted and crusts easily, increasing water run-off and decreasing infiltration, and 
hampering root penetration (Jones 2005). Degraded Thicket sites are characterised by such 
poor soil conditions. Organic matter in soil aids in attracting and holding soil moisture, 
reducing evaporation from soil and maintains moisture at level utilized by seedlings and 
small trees near the surface (Jones 2005).  
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Timing of propagation and planting out should correlate i.e. seedlings for planting should 
reach ideal size at time best suited to planting out, usually after rains, as seedlings that have 
become pot-bound show low survival success in the field (Jones 2005). Seedlings that have 
grown too big for their bags, with roots spiralling or growing upwards, have a lower chance of 
surviving transplantation into a rehabilitation site in the long term, than seedlings planted out 
timeously, with roots growing vertically downwards, as seen in root trainer-grown seedlings 
(Jones 2005a). 
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Chapter 3. Vegetative Propagation 
3.1 Introduction 
Propagation from cuttings is a vegetative or clonal (asexual) method of plant reproduction 
(Hartmann et al. 1997). A cutting is a portion of a plant, such as the stem, leaf or root, which 
will regenerate its missing plant parts when provided with suitable environmental conditions 
(Ruter 2008). Successful propagation from cuttings requires adventitious root formation as 
its primary regenerative process (Hartmann et al. 1997). There are various factors that affect 
the rooting success of stem cuttings, including: the type of cutting taken i.e. soft-, semi- or 
hardwood; cutting length and thickness; physiological age, and which part of the stem 
cuttings are taken from; the timing of cutting collection; presence or absence of leaves, buds 
and flowers; the use of a suitable, well-drained and well-aerated propagation medium; the 
propagation environment; the application of root-promoting substances such as auxin and 
fertilizers, and regular monitoring to prevent and treat fungal, disease and insect attack. 
Most species‟ rooting ability is positively related to their capacity for regenerative growth 
(Itoh et al. 2002, Awang et al. 2009). In experiments involving propagation from stem 
cuttings for horticultural, agricultural or reforestation for timber or indigenous fruit production 
purposes, cuttings are often taken from seedlings collected from the wild, or shrubs that are 
cut back and maintained in a newly-coppiced, „vigorous‟ state (Mésen et al. 1997, Shiembo 
et al. 1996). As most Thicket species are resprouters, showing predominantly vegetative 
spread, and vegetative growth in response to herbivory and other physical damage (Midgley 
and Cowling 1993, Kruger et al. 1997), it could be surmised that this inclination towards 
regenerative growth is an indication that Thicket species root readily. 
Sprout morphologies have been described for resprouting species i.e. collar (from the trunk 
base), root, layered branches, and sprouting from modified underground stems (Del Tredici 
2001). Sprouting is characteristic of species in sites that experience frequent disturbance, or 
species at the limits of their natural range (Del Tredici 2001). An increase in drought stress, 
as associated with decreasing rainfall from mesic and wet forest, to dry forest in Hawaii, has 
also been found to be associated with an increase in sprouting of species, in addition to 
physical damage from herbivory (Busby et al. 2010).  
Resprouting species are „tolerators‟ of above-ground physical damage, showing slower 
aboveground growth and greater belowground growth vs. „escapers‟, that are fast-growing 
species aboveground, growing to heights in order to „escape‟ physical damage (Pauw et al. 
2004). Root:shoot ratio has been found to be negatively correlated with growth rate, and 
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positively correlated with shade tolerance (Pauw et al. 2004) – characteristic of resprouting 
Thicket species.  
Genera that resprout after fire, include Acacia, Olea and Euclea (Midgley 1996), and are 
also found in Thicket vegetation. Tall species are generally reseeders vs resprouters, which 
are lower-growing, multi-stemmed species that often resprout from the juvenile stage 
(Midgley 1996). No physiological difference i.t.o. photosynthetic and transpiration rates, have 
been found between reseeders and resprouters, their allocation to resources, rather, being 
different (Midgley 1996), resprouters having to maintain a large bud bank (Bond and Midgley 
2001). Resprouters have greater root starch concentrations and root:ratios and lower 
biomass than same-aged nonsprouting species (Bond and Midgley 2001). Increased carbon 
dioxide concentration associated with climate change is hypothesized to increase carbon 
storage and, therefore, the sprouting potential of resprouters (Bond and Midgley 2001).  
Sprouting is considered a form of ecological persistence in an ecosystem – particularly 
where sprouting behaviour persists in adult plants (Bond and Midgley 2001). Resprouters 
are able to colonize disturbed areas faster than seedlings, and sites recovering faster after 
disturbance (Bond and Midgley 2001). Severe disturbance, however, resulting in the death 
of whole adult plants by over-browsing, as seen in Thicket, makes resprouters more 
vulnerable to overbrowsing, as there will be little or no seedling recruitment from eradicated 
resprouting species after disturbance, requiring active restoration i.e. direct reintroduction 
during restoration (Bond and Midgley 2001). South African forests show decrease in 
seedlings with increased dominance of multi-stemmed resprouting species (Bond and 
Midgley 2001). Resprouters produce fewer seeds that mature slowly, have smaller 
seedbanks that produce fewer seedlings, which show poor survival (Bond and Midgley 
2001). 
Various authors have found that the application of rooting hormone to promote root initiation 
in stem cuttings is often unnecessary (Mésen et al. 1997, Shiembo et al. 1996) or 
detrimental when used in too high concentrations (Osborn et al. 2008, Ali et al. 2009). 
African tropical tree species have shown a range of responses to the application of auxin, 
some species showing increased rooting, some varying i.t.o. the concentration of IBA used, 
and some showing no rooting whatsoever with the application of auxin (Leakey et al. 1990). 
In the interest of expanding knowledge on Portulacaria afra truncheon survivability (Mills et 
al. 2010), however, the effect of rooting hormone application on P. afra cuttings is worth 
investigating, as well as the effects of different rooting media in promoting cutting strike in P. 
afra, as well as other woody Thicket species (Mike Powell pers. comm.). 
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3.1.1 Objectives 
The objectives of this part of the study were, therefore, to: 
i) Determine the rooting ability of an additional succulent, as well as eight woody species, for 
transplantation with Portulacaria afra into Thicket rehabilitation sites. 
ii) Determine which propagation medium is best suited for rooting succulent and woody 
species. 
iii) Determine whether the application of rooting hormone improves strike* and root growth in 
succulent species. 
3.1.2 Hypotheses  
1. Succulent species are more easily propagated in terms of cutting strike, than woody 
species. 
2. Inorganic, sterile propagation media i.e. plain pool filter sand and perlite, are better in 
promoting cutting strike than organic, non-sterile media i.e. potting and Thicket soil. 
3. The application of rooting hormone promotes cutting strike and root growth in succulent 
species. 
3.2 Materials and methods 
3.2.1 Study site 
3.2.1.1 Location 
The Farm Krompoort, situated outside Uitenhage and west of Kirkwood (33° 32' 36.35" S; 
25° 10' 38.76" E) [Figure 3.1], is an ideal site at which to do Spekboom Thicket rehabilitation 
experiments. This is because the landowner, the late Mr Henry Graham Slater, planted up 
different sections of a north-facing slope, housing degraded Spekboomveld, with 
Portulacaria afra truncheons between 1976 and 1998 (Mills and Cowling 2006), creating 
Spekboom stands that are now 35 (1976), 21 (1990), 15 (1996) and 13 (1998) years old 
(Plate 3.1). The fence around rehabilitated stands was breached between 2006 and 2008, 
with indigenous browsers i.e. Kudu, and domestic stock i.e. goats and cattle, gaining access 
to and browsing these stands. The fence was fixed towards the end of 2008. 
Rehabilitation was undertaken not to restore the degraded Spekboomveld, specifically, but 
to curb the severe soil compaction, degradation and associated increase in run-off, caused 
by overgrazing on the slope (Mills and Cowling 2006). Portulacaria afra truncheons, 
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approximately 1 to 3 cm in diameter and 50 cm to 1 m in length, were used (Mills and 
Cowling 2006). Planting was done in a regular grid pattern, with rows 1.5 to 4.1 m apart and 
plants spaced 0.8 to 3.1 m apart for the various sections, and did not follow any set 
principles of experimental design (Mills and Cowling 2006). The total area planted up with P. 
afra on the farm over time is approximately 1.8 ha, with 0.25 ha adjacent to the rehabilitation 
plots left as a transformed or „control‟ block (Mills and Cowling 2006). Mr Slater used „Berg‟ 
Spekboom – a more open and upright variety of P. afra collected on a mountain slope near 
Steytlerville, situated approximately 90 km northwest of Krompoort – as opposed to the 
„local‟ Spekboom found on his farm, which has a lower, closed and more sprawling growth 
habit (Mills and Cowling 2006). Only one section of the slope was planted up with a single 
row of „local‟ Spekboom in 1976 (Mills and Cowling 2006). 
 
Figure 3.1 Location of the Farm Krompoort, between Uitenhage and Kirkwood in the Eastern 
Cape, as well as vegetation types (Mucina and Rutherford 2006) found in the region.  
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Plate 3.1 Different-aged rehabilitation blocks, as well as control and degraded blocks on a 
north-facing slope on the Farm Krompoort, planted up with Portulacaria afra Jacq. 
truncheons between 1976 and 1998 (from Van der Vyver 2011). 
3.2.1.2 Vegetation  
Hoare et al. (2006) class the vegetation at Krompoort as Sundays Thicket (AT6) – 
conservation status Least threatened. The Subtropical Thicket Ecosystem Planning (STEP) 
Project (Vlok and Euston-Brown 2002) classification of Sundays Thicket is Sundays 
Spekboomveld i.e. Sundays Arid Thicket with Spekboom (Hoare et al. 2006). Though 
Sundays Thicket is formally protected in the Addo Elephant National Park, as well as other 
state and privately-owned nature reserves, and is listed as a „Least Threatened‟ vegetation 
type, 6% of it has been transformed through urban development, cultivation and degradation 
due to overgrazing (Hoare et al. 2006). 
 
Sundays Spekboomveld is dominated by Portulacaria afra, hence Spekboomveld, 
interspersed with small canopy tree species Pappea capensis Eckl. & Zeyh. and Schotia afra 
(L.) Thunb. var. afra (Vlok and Euston-Brown 2002). The local dominance of Spekboom, and 
relative abundance of woody plants, is proportional to aridity – in drier areas, Spekboom is 
more dominant (Hoare et al. 2006). As rainfall increases, towards the winter-rainfall west and 
summer-rainfall east, it allows for more litter fall, creating a nutrient-rich mulch that enables 
woody canopy tree establishment, with woody trees becoming dominant and creating a fire-
driven ecosystems i.e. Fynbos, Grassland and Savanna, especially where the „fire barrier‟ 
1976 ‘local’ 
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created by P. afra is absent (Vlok and Euston-Brown 2002). When Spekboom is overgrazed, 
Sundays Spekboomveld is replaced with Sundays Noorsveld, dominated by Euphorbia 
caerulescens Haw. (Vlok and Euston-Brown 2002). Overgrazing also results in the 
replacement of perennial grasses normally present in pristine Spekboomveld i.e. Cenchrus 
ciliaris L., Digitaria argyrograpta (Nees) Stapf, Fingerhuthia africana Lehm. and Panicum 
maximum Jacq., with alien weeds such as Atriplex lindleyi Moq.; annual grasses i.e. Aristida 
congesta Roem. & Schult., Cynodon dactylon (L.) Pers. and Enneapogon desvauxii 
P.Beauv., and karroid shrubs i.e. Pentzia incana (Thunb.) Kuntze (Vlok and Euston-Brown 
2002). Sansevieria aethiopica Thunb., a resilient herb, is also used as an indicator of 
degraded Spekboomveld, where it persists over large areas (Vlok and Euston-Brown 2002). 
 
The farm Krompoort is dominated, where the Sundays Thicket remains largely intact, by 
Spekboom surrounding mostly Pappea capensis and Schotia afra. Dominant shrubs, 
growing tall and becoming „canopy‟ plants, include: Azima tetracantha Lam., Euclea 
undulata Thunb., Searsia longispina (Eckl. & Zeyh.) Moffett, Lycium oxycarpum Dunal and 
Grewia robusta Burch., as well as smaller shrubs – Crassula ovata (Mill.) Druce, Rhigozum 
obovatum Burch. and Lycium cinereum Thunb. Also present were canopy trees Schotia 
brachypetala Sond., Brachylaena ilificolia (Lam.) E.Phillips & Schweick., Cussonia spicata 
Thunb., Carissa bispinosa (L.) Desf. ex Brenan and Gymnosporia polyacantha (Sond.) 
Szyszyl subsp. polyacantha. Transformed and degraded areas, as represented by the 
Control block, are dominated by karroid shrubs i.e. R. obovatum and L. cinereum, and 
isolated canopy trees P. capensis and Schotia afra.  
 
Vlok and Euston-Brown (2002) describe some of the abovementioned species as belonging 
to „a distinct guild of spinescent woody plants that develop recurved branches once these 
plants are more than a metre tall‟, leading to the establishment of Sundays Thicket as „as 
impenetrable barricade of thorny branches‟ (Plate 3.2). They are also described as „early 
successional‟, as they are bird-dispersed and establish in open, disturbed areas created 
through small-scale disturbance by large herbivores (Vlok and Euston-Brown 2002). Many 
species, particularly succulents and geophytes, inhabit the „fringe‟ environments in opened-
up paths created by large herbivores (Vlok and Euston-Brown 2002), and so much of the 
plant species richness can be attributed to the creation of new microclimates or 
microhabitats, created through herbivory. 
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Plate 3.2 The recurved nature of branches of Sundays Thicket shrubs and trees, as seen in 
Lycium oxycarpum Dunal in degraded Sundays Thicket at Krompoort. 
3.2.1.3 Climate 
The Farm Krompoort is situated at an elevation of 300 to 500 a.m.s.l. and has a warm 
temperate climate (Mills and Cowling 2006). It experiences evenly distributed rainfall of 250 
to 350 mm per year (Mills and Cowling 2006). Rainfall optima, though only slight, are 
experienced in autumn (March) and spring (October/November) in Sundays Thicket, with its 
overall distribution receiving 190 (in the drier northwest interior) to 480 mm (on the wetter 
southeast coast) rainfall per year (Hoare et al. (2006). Mean annual precipitation of 334 mm 
and a mean annual temperature of 17.5°C have been recorded across the region housing 
Sundays Thicket (Hoare et al. 2006). 
 
Mean monthly maximum and minimum temperatures are quite varied across Sundays 
Thicket, the greatest extremes recorded in Jansenville with 41.3°C and -0.8°C, respectively 
(Hoare et al. 2006). Moving southeast and towards the sea, Addo and Uitenhage experience 
mean monthly maxima of 39 and 36.9°C, and mean monthly minima of -0.3 and 1.3°C, 
respectively (Hoare et al. 2006).  
 
The division of Sundays River Thicket (Vlok and Euston-Brown 2002) into Sundays Valley 
Thicket, Sundays Thicket and Sundays Arid Thicket was based on rainfall – Sundays Arid 
Thicket (climate data for Jansenville) receives 250 mm mean annual rainfall – 150 mm in 
55 
 
summer and 100 mm in winter – with mean temperatures of 32.6°C (maximum) and 4.4°C 
(minimum). Sundays Valley Thicket and Sundays Thicket receive 500 mm (climate data for 
Springs Nature Reserve) and 750 mm (climate data for Zuurberg) mean annual rainfall, 
respectively, with Sundays Valley Thicket experiencing mean temperatures of 5.9°C 
(minimum) to 29.1°C (maximum) and Sundays Thicket 4.6°C (minimum) to 31.3°C 
(maximum) (Vlok and Euston-Brown 2002).   
3.2.1.4 Geology and soils 
The Farm Krompoort is situated between the Groot-Winterhoek Mountains to the south and 
Klein-Winterhoek Mountains to the north (Mills and Fey 2004). It lies in a broad valley, the 
base of which contains sedimentary rocks of the Bokkeveld Group, which includes the Ceres 
and Traka subgroups (Mills and Fey 2004).  
 
Soil at the study site is heavy, clayey and stony and contains much fine, brittle shale in some 
areas (pers. obs.), and „is likely to be a mixture of transported material and weathered 
bedrock‟ (Mills and Fey 2004). Soils are derived from Bokkeveld Group – Ceres and Tarka 
Subgroup – shales, sandstones and siltstones and the soil at Krompoort has been described 
extensively in Mills and Fey (2004), from a site (Site 3) a few kilometres southwest of 
Krompoort. Soil characteristics were compared along a fenceline contrast between 
savannah i.e. transformed and Thicket i.e. intact vegetation, as well as in the open and 
inside Thicket canopies (Mills and Fey 2004).  Soil forms at Krompoort, identified by Mills 
and Fey (2004) and based on characteristics set out in FAO (1998), include Calcaric 
Cambisols, Calcic Luvisols, Rhodic Luvisols and Calcaric Regosols. 
 
3.2.2 Propagation from seed 
As few species were fruiting at the time of sampling, and as a small „aside‟ study, seeds of 
the following species were collected from plants at the study site, in the first week of October 
2008: Euclea undulata; Lycium cinereum and Searsia longispina [Table I and Appendix 1]. 
Euclea undulata seeds were scarified with medium sandpaper to weaken the seed coat. 
Seeds were then left to soak in tap water for 24 hours to allow imbibition to occur, before 
being sown. Nichols (2005) suggests nicking the tough seed coat of related Euclea species 
on the opposite side to the hilum, with a sharp knife. Imbibition did, however, occur without 
nicking of E. undulata seeds. Lycium cinereum fruits were soaked in water, crushed in order 
to release the seeds, and dried on paper towel, before being sown. Searsia longispina fruits 
were cleaned to remove fruit stalks and seeds sown directly. 
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Seeds were sown in 20 x 15.5 x 5.5 cm seed trays in a medium of 1 part potting soil, called 
„organic seedling mix‟ and consisting of well-composted pine bark, to 1 part coarse river 
sand, and immediately treated with a 25 g in 10 ℓ Efekto Virikop© fungicide solution, the 
recommended seedbed treatment solution, and once a week thereafter. Seeds were 
covered lightly with soil. Weeds that came up in the seed trays were removed by hand. 
Seedlings were sprayed with a 12.5 mℓ in 10 ℓ Efekto Malasol© insecticide solution, the 
recommended dose for flowers and ornamentals, as needed. Seed trays were kept in a 
sunny area in a glasshouse and regularly watered by hand.  
 
3.2.3 Propagation from cuttings 
Branches of the following species were collected at the study site in the first week of 
November 2008: Azima tetracantha; Carissa bispinosa; Crassula ovata; Grewia robusta; 
Gymnosporia polyacantha subsp. polyacantha; Lycium cinereum; Lycium oxycarpum; 
Portulacaria afra.; Rhigozum obovatum and Searsia longispina [Table I and Appendix 1]. 
These species were selected based on their dominance and availability outside rehabilitation 
blocks at the study site.  
A similar experiment was started in October 2008, testing the rooting potential seven of the 
ten abovementioned species i.e. Azima tetracantha, Crassula ovata, Lycium cinereum, 
Lycium species (L. ferocissimum Miers. and L. oxycarpum not distinguished at the time), 
Portulacaria afra, Rhigozum obovatum and Searsia longispina. Longer cuttings with greater 
stem diameters were planted, and ten replicate cuttings were planted per species per rooting 
medium. The percentage of cuttings that rooted is later compared to that of cuttings taken in 
November 2008. 
Cuttings of approximately 10 to 20 cm in length were made using lengths of stem taken from 
the growing tip to up to 1 m from the growing tip of branches. Cuttings were cut straight and 
approximately 1 cm below a node and some, where present, were left as heel cuttings. Most 
leaves and branches were left on Crassula ovata and Portulacaria afra cuttings. These 
cuttings were cut to size and left in a cool, shaded area for two days to allow cut ends to dry 
out and seal, prior to planting. Woody species were collected and left in a cool area 
overnight, before being cut to size, drenched in cold water and planted out the next day. 
Only the top few leaves and stems were left on woody species, to help distinguish the top 
from the bottom ends of cuttings. 
 
Table I. Description of species used in propagation from seed and cuttings 
Species Common 
name 
Family Growth 
form 
Important or Dominant 
taxon in Sundays 
Thicket (Hoare et al. 
2006) 
Vegetative growth Seed dispersal mechanism Spinescence Conservation 
status 
Azima 
tetracantha 
Needle-bush Salvadoraceae Shrub or 
small tree 
Tall shrub, Important Coppicing and 
underground runners 
Zoochory (thinly fleshy berry) Yes LC (Foden and 
Potter 2005) 
Carissa 
bispinosa  
Common 
num-num 
Apocynaceae Shrub or 
small tree 
Tall shrub, important Ground layers Zoochory (fleshy berry) Yes LC (Foden and 
Potter 2005a) 
Crassula 
ovata 
Kerky-bush Crassulaceae Shrub or 
dwarf tree 
Succulent shrub, 
dominant 
Fallen leaves and 
stems 
Anemochory (small capsule 
with many tiny seeds) 
No LC (Foden and 
Potter 2009) 
Euclea 
undulata 
Small-leaved 
guarri 
Ebenaceae Shrub or 
small tree 
Tall shrub, dominant  Zoochory (thinly fleshy berry) No LC (Foden and 
Potter 2005b) 
Grewia 
robusta 
Karoo cross-
berry 
Tiliaceae Shrub or 
small tree 
Tall shrub, important Ground layers (pers. 
obs.) 
Zoochory (two to four-lobed 
drupe) 
Yes LC (Foden and 
Potter 2005c) 
Gymnosporia 
polyacantha 
subsp. 
polyacantha  
Hedge spike-
thorn 
Celastraceae Shrub or 
small tree 
Tall shrub, important 
 
 Zoochory (three-lobed 
capsule, seeds have a yellow 
aril) 
Yes LC (Archer and 
Victor 2005) 
Lycium 
cinereum  
Box-thorn Solanaceae Shrub or 
small tree 
Low shrub  Zoochory (fleshy berry) Yes LC (Foden and 
Potter 2005d) 
Lycium 
oxycarpum  
Honey-thorn Solanaceae Shrub or  
small tree 
Low shrub, important  Zoochory (fleshy berry) Yes LC (Foden and 
Potter 2005e) 
Portulacaria 
afra 
Spekboom, 
Porkbush 
Portulacaceae Shrub or 
small tree 
Succulent shrub, 
dominant 
 
 
 
Coppicing, fallen 
stems 
Anemochory (papery three-
winged capsules with fine 
seeds) 
No LC (Williamson and 
Potter 2005) 
Rhigozum 
obovatum 
Three-leaved 
Rhigozum, 
Yellow 
pomegranate 
Bignoniaceae Shrub or 
small tree 
Low shrub, important  Anemochory (flattened, pod-
like, dehiscent capsule, 
releases papery-winged 
seeds) 
Yes LC (Foden and 
Potter 2005f) 
Searsia 
longispina 
Spiny currant-
Rhus 
Anacardiaceae Shrub or 
small tree 
Tall shrub, important Resprouts from roots  Zoochory (small, fleshy,  
flattened, indehiscentdrupe) 
Yes LC (Foden and 
Potter 2005g) 
References: Coates Palgrave 2002, Hankey 2002, Harris 2003, Bester 2004, Malan and Notten 2005, Nichols 2005, Dold 2006, POSA 2009, Hyde and Wursten 2010 
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30 x 27 x 11 cm gravel-lined seed trays were filled with pure 1.1 mm pool filter sand, and 1:1 
(by volume) pool filter sand „dilutions‟ of 1 part pool filter sand to 1 part perlite; 1 part pool 
filter sand to 1 part potting soil, called „organic seedling mix‟ and consisting of well-
composted pine bark, and 1 part pool filter sand to 1 part Thicket soil, collected at the study 
site.  
Cuttings were dipped into water and then into Seradix© B No. 3 rooting hormone powder 
and planted at least one node deep into the seed trays, depending on the species. A 
minimum of 20 replicate cuttings per species per rooting medium were planted, with the 
exception of plain pool filter sand, where 40 replicate cuttings were used. Cuttings filled three 
to four trays in total per medium. Trays were arranged in a randomized block design and 
rotated once a week. Once cuttings were planted, the rooting media were immediately 
treated with a 25 g in 10 ℓ Efekto Virikop© fungicide solution, and once a week thereafter. 
Cuttings were also sprayed with a 2.5 mℓ in 10 ℓ Efekto Malasol© insecticide solution, as 
needed. Weeds that came up in the potting and Thicket soil media were removed by hand. 
Cutting trays were kept in a semi-shaded area in a glasshouse, and regularly watered by 
hand.  
From the first week of April 2009, having been given a five month rooting period, cuttings 
were removed from the rooting media, their roots rinsed in water and stored in a cool place 
while being measured. The following physical parameters were noted and measured: cutting 
length from base to apex; cutting diameter at the base, middle and apex; total length of new 
stem growth; total number of leaves; area of callus tissue (only noted on Rhigozum 
obovatum and Searsia longispina cuttings); mean root length (measuring all or a number of 
the longest roots, where many roots were present); root volume (due to the large number of 
roots, only noted in Crassula ovata and Portulacaria afra cuttings by measuring the 
approximate length, breadth and height of root extent); the nodes that produced roots, and 
the presence of flowers and/or fruits.  
 
After the physical parameters were measured, rooted cuttings were planted out into 20 x 
10.5 x 7.5 cm black plastic nursery bags in a medium of 2 parts potting soil to 1 part Thicket 
soil to 1 part coarse river sand (Plate 3.3). This cutting medium had a mean bulk density of 
0.975 g cm-3 ± 0.004 S.E.; mean field capacity of 29% ± 1.695 S.E.; mean total porosity of 
50% ± 2.601 S.E., and mean air porosity of 5 ± 0.244 S.E. Nursery bags were kept in a 
sunny area in a glasshouse, occasionally sprayed with a 2.5 mℓ in 10 ℓ Malasol© insecticide 
solution, and regularly watered by hand. 
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Plate 3.3 Rooted cuttings planted out into nursery bags. 
 
 
3.2.4 Soil analyses 
Different growing media and propagation mixes were tested for their physical or drainage 
properties i.e. field capacity, bulk density, total porosity and air porosity. Three replicate 
samples were tested per growing medium and propagation mix. Growing media were dried 
at 60°C for 48 hours prior to further analysis. 
The following growing media and mixes were tested: 1.1 mm pool filter sand; coarse river 
sand; perlite; vermiculite; potting soil; coarse pine bark; Thicket soil; one part pool filter sand 
to one part perlite; one part pool filter sand to one part vermiculite; one part pool filter sand to 
one part potting soil; one part pool filter sand to one part coarse pine bark; one part pool filter 
sand to one part Thicket soil; three parts potting soil to one part coarse river sand (drought 
stress physiology potting mix), and two parts potting soil to one part Thicket soil to one part 
coarse river sand (rooted cutting planting mix). 
Bulk density was calculated as the weight of dried soil per known volume, as measured in a 
glass measuring beaker, where 1 mℓ  =  1 cm3 (Chong et al. 2008).  
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Field capacity, or water-holding capacity, was calculated as the weight of water held i.e. 
water-holding capacity, after 24 hours of drainage, per weight of dry soil, expressed as a 
percentage (Chong et al. 2008).  
Total porosity was calculated as the weight of water held after filling all the pore spaces of a 
medium, up to a known volume of dried soil, expressed as a percentage [where 1 mℓ  =  1 g 
at room temperature] (Chong et al. 2008). Aeration porosity was calculated as the weight of 
water held after 24 hours of settling and draining excess water added (to calculate total 
porosity), per known volume of dried soil, expressed as a percentage (Chong et al. 2008).   
3.2.5 Statistical analyses 
All datasets were tested for normality using the Shapiro-Wilk‟s W test, prior to further 
statistical analysis. The majority of datasets were found to be non-parametric. Mann-Whitney 
U-tests (comparing two independent samples/groups) and Wilcoxon Matched Pairs Tests 
(comparing two dependent samples/groups) were used to test for significant differences 
between non-parametric datasets. Where there were less than 20 pairs per dataset, the p-
value was used to indicate the existence of a significant difference between datasets. 
Spearman Rank Order Correlations were used to test for the existence of correlations 
between non-parametric datasets. For all statistical analyses, tests were considered 
statistically significant where p<0.05. Data were analysed using STATISTICA version 8.0 
software (StatSoft Inc. 2007).  
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3.3 Results 
3.3.1 Propagation from seed 
Overall, seed germination and seedling survival were very low for all three species tested. 
Of the approximately 100 Euclea undulata seeds sown, only two germinated and none 
survived. The low percentage germination (2%) recorded in this study was most likely due to 
seeds being collected from the litter layer below the parent plant, where seeds were too far 
decomposed, buried or eaten by insects, and, therefore, no longer fresh, intact and viable 
(TML Propagation Protocols n.d.). Seeds should be collected fresh i.e. when just-ripened, to 
ensure maturity (Nichols 2005, TML Propagation Protocols n.d.). Like rainforest species‟ 
seeds which should be sown soon after collection and cleaning (TML Propgation Protocols 
n.d.), many Thicket species are recalcitrant (Nichols 2005) and can be expected to lose 
viability soon after reaching maturity.  
Seeds of Euclea species are readily eaten by birds (Carr 1994). The low seedling survival 
may have been due to infrequent watering, low nutrient concentrations in the seedling mix, 
or seedlings not being planted out soon enough to accommodate root growth. Midgley and 
Cowling (1993) also found low germination (5%) of E. undulata seeds sown in an open 
nursery, without special treatment of seeds, and a corresponding low number of seedlings in 
the understory of different Thicket types. 
Euclea species are difficult to grow from cuttings, as they are slow growers, and are best 
propagated from fresh seeds (Nichols 2005, Mike Powell pers. comm.). Seeds should 
germinate within three weeks and should be planted out as soon as possible (Nichols 2005). 
Carr (1994) recorded only three germinated E. undulata seeds from a total of 195 seeds 
sown, with germination taking up to 51 days – this was, however, tested on the Highveld of 
South Africa.  
Of the of the approximately 100 Searsia longispina seeds sown, ten germinated and one 
seedling survived for a few weeks. These seeds may also have been too old or damaged by 
insects to be viable, though they were still attached to the parent plant at the time of fruit 
collection. Searsia species can, however, be grown from cleaned seeds sown fresh (Nichols 
2005). Seeds must be sown fresh, as seeds are recalcitrant i.e. they lose viability if left to dry 
out (Nichols 2005).  
Of the approximately 200 Lycium cinereum seeds sown, approximately 50% germinated, but 
only one seedling survived for a few weeks. Species of the family Solanaceae are easily 
grown from seeds, and seeds can be cleaned, stored and sown the following growing 
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season i.e. spring (Nichols 2005). Germination is said to occur within 10 to 14 days (Nichols 
2005). Though a great number of L. cinereum seeds germinated from seeds that were 
cleaned and sown fresh, overcrowding of the seed tray, leading to a deficiency in nutrients or 
improper drainage of the germination medium, may have been responsible for the low 
seedling survival. Seedlings may also not have been watered often enough – when planted 
outside and/or in full sun, seedlings should be watered in the evening, as well as between 
11h00 and 12h00 on hot days (Carr 1994). The advantage of planting in full sun, especially 
in a glasshouse, it that the risk of fungal attack is lowered where the propagation medium is 
allowed to dry out between watering (Carr 1994). Not watering during wet weather also 
discourages fungal attack (Carr 1994). 
All three species have been cited as growing best from seeds sown fresh, though Lycium 
cinereum and Searsia longispina are also said to grow well from cuttings (Nichols 2005). As 
the timing of fruit production is sporadic, fruit yield is low and seeds appear to be eaten or 
buried shortly after they are produced (pers. obs.), the introduction of seedlings grown from 
seed collected at the study site does not appear to be a viable method of directly increasing 
biodiversity at Krompoort. The freshness, quality and availability of seed are not guaranteed. 
3.3.2 Propagation from cuttings 
In this section, what are referred to as „perlite, „potting soil‟ and „Thicket soil‟, are the 
aforementioned 1:1 part „dilutions‟ of these media with pool filter sand, not the „pure‟ 
medium, unless mentioned otherwise. 
3.3.2.1 Azima tetracantha 
Overall, Azima tetracantha cuttings had a mean length of 13.8 cm ± 0.283 S.E. (n = 100), 
with a mean basal diameter of 0.4 cm ± 0.013 S.E. Cutting length was significantly 
correlated with basal diameter (r = 0.214, t(n-2) = 2.172, p = 0.032).  
There was a significant difference in the basal diameter of cuttings planted in plain pool filter 
sand vs those planted in perlite (U = 202, Z = 3.105, p = 0.002, n = 40, 20), potting soil (U = 
269.5, Z = 2.046, p = 0.040, n = 40, 20) and Thicket soil (U = 187, Z = 3.340, p = 0.001, n = 
40, 20). The basal diameter of cuttings planted in plain pool filter sand (mean 0.5 cm ± 0.020 
S.E.) was greater than those planted in perlite (mean 0.4 cm ± 0.017 S.E.), potting soil 
(mean 0.4 cm ± 0.032 S.E.) and Thicket soil (mean 0.4 ± 0.027 S.E.).  
There was no significant difference in the mean root length, length of new growth and 
number of leaves on Azima tetracantha cuttings planted in plain pool filter sand vs perlite, 
potting and Thicket soil (U = 390, Z = 0.157, p = 0.883, n = 40, 20). Out of 100 cuttings 
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planted in the various rooting media, one cutting rooted and survived in plain pool filter sand, 
with a mean root length of 4.0 cm, new stem growth of 1.8 cm and a total of 9 leaves. This 
cutting survived being planted out into a nursery bag. The overall rooting success of A. 
tetracantha was 1% in cuttings taken in November 2008 – compared to 0% rooting achieved 
in cuttings taken in October 2008. 
It cannot be confirmed that pool filter sand is the best rooting medium for Azima tetracantha. 
This is due to the larger number of replicates of cuttings planted in pool filter sand (40 in pool 
filter sand vs 20 in other media); the significantly greater mean basal diameter of cuttings 
planted in pool filter sand, and the overall low strike of A. tetracantha cuttings. The 
successful rooting and survival of a single cutting in pool filter sand, as seen in this study, 
suggests that, as a relatively sterile and well-drained medium, and if a greater number of 
replicates were planted, pool filter sand may have produced a handful of rooted cuttings. The 
large amount of plant material needed to produce a few cuttings and the low survival of 
cuttings, however, further suggest that A. tetracantha is a species unsuitable for propagation 
for rehabilitation. 
3.3.2.2 Carissa bispinosa 
Overall, Carissa bispinosa cuttings had a mean length of 10.6 cm ± 0.3 S.E. (n = 111), with a 
mean basal diameter of 0.5 cm ± 0.011 S.E. Cutting length was significantly correlated with 
basal diameter (r = 0.335, t(n-2) = 3.708, p<0.001). Mean root length was significantly 
correlated with the number of leaves on each cutting (r = 0.488, t(n-2) = 5.844, p<0.001).  
There was a significant difference in the length of cuttings planted in perlite vs those planted 
in plain pool filter sand (U=353, Z=2.007, 2*1 sided exact p=0.045, n=51, 20), potting soil 
(U=90.5, Z=-2.962, 2*1 sided exact p=0.002, n=20, 20) and Thicket soil (U=97.5, Z=-2.773, 
2*1 sided exact p=0.005, n=20, 20). The length of cuttings planted in perlite (mean 9.1 cm ± 
0.635 S.E.) was smaller than those planted in plain pool filter sand (mean 10.8 cm ± 0.468 
S.E.), potting (mean 11.3 cm ± 0.514 S.E.) and Thicket soil (mean 11.2 cm ± 0.548 S.E.). 
There was no significant difference in the mean root length of Carissa bispinosa cuttings 
planted in plain pool filter sand vs perlite, potting and Thicket soil (U = 500, Z = 0.128, p = 
0.904, n = 51, 20). There was also no significant difference in the number of leaves on 
cuttings planted in plain pool filter sand vs perlite (U = 477, Z = -0.422, p = 0.680, n = 51, 
20), potting and Thicket soil (U = 490, Z = 0.256, p = 0.805, n = 51, 20), and perlite vs 
potting and Thicket soil (U = 180, Z = 0.541, p = 0.602, n = 20, 20). 
Out of 111 cuttings planted in the various rooting media, only one cutting rooted and 
survived in plain pool filter sand, with a mean root length of 0.1 cm and a total of 8 leaves. 
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Three other cuttings survived in plain pool filter sand and perlite and had leaves, but no roots 
(Plate 3.4). Two cuttings survived being planted out into nursery bags. The overall rooting 
success of Carissa bispinosa was 1%. The greater number of replicates (51 in pool filter 
sand vs 20 in other media) of cuttings planted in plain pool filter sand may account for the 
one rooted and one surviving cutting in this medium. Plain pool filter sand and perlite were 
the only media to produce rooted or surviving cuttings – this suggests that these relatively 
sterile media are best for rooting Carissa bispinosa cuttings. 
 
Plate 3.4 Carissa bispinosa (L.) Desf. ex Brenan cuttings that rooted (third from left) or 
survived. 
3.3.2.3 Crassula ovata  
Overall, Crassula ovata cuttings had a mean length of 9.1 cm ± 0.409 S.E. (n = 148), with a 
mean basal diameter of 0.9 cm ± 0.04 S.E. Cutting length was significantly correlated with 
basal diameter (r = 0.645, t(n-2) = 10.198, p<0.001), root volume (r = 0.233, t(n-2) = 2.891, p 
= 0.004) and the number of leaves on each cutting (r = 0.247, t(n-2) = 3.079, p = 0.002). 
Root volume was significantly correlated with mean root length (r = 0.826, t(n-2) = 17.730, 
p<0.001), length of new growth (r = 0.629, t(n-2) = 9.768, p<0.001) and the number of leaves 
on each cutting (r = 0.618, t(n-2) = 9.499, p<0.001). Mean root length was significantly 
correlated with the length of new growth (r = 0.595, t(n-2) = 8.949, p<0.001) and the number 
of leaves on each cutting (r = 0.591, t(n-2) = 8.844, p<0.001).  
There was a significant difference in the length of cuttings planted in Thicket soil vs those 
planted in plain pool filter sand (U = 305.5, Z = 2.845, p = 0.004, n = 23, 46) and perlite (U = 
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137, Z = 2.264, p = 0.023, n = 23, 20). The length of cuttings planted in Thicket soil (mean 
6.5 cm ± 0.909 S.E.) was smaller than those planted in plain pool filter sand (mean 10.3 cm 
± 0.849 S.E.) and perlite (mean 9.9 cm ± 1.153 S.E.). 
There was a significant difference in the mean root length of cuttings planted in Thicket soil 
vs those planted in plain pool filter sand (U = 240, Z = -3.679, p<0.001, n = 23, 46), perlite (U 
= 100, Z = -3.165, p = 0.001, n = 23, 20) and potting soil (U = 101, Z = -2.785, p = 0.005, n = 
23, 18). The mean root length of cuttings planted in Thicket soil (mean 2.7 cm ± 0.347 S.E.) 
was greater than those planted in plain pool filter sand (mean 1.2 cm ± 0.112 S.E.), perlite 
(mean 1.1 cm ± 0.136 S.E.) and potting soil (mean 1.3 cm ± 0.246 S.E.). 
There was a significant difference in the root volume of cuttings planted in Thicket soil vs 
those planted in plain pool filter sand (U = 315.5, Z = -2.718, p = 0.007, n = 23, 46), perlite 
(U = 136.5, Z = -2.277, p = 0.022, n = 23, 20) and potting soil (U = 122, Z = -2.233, p = 
0.025, n = 23, 18). The root volume of cuttings planted in Thicket soil (mean 16.1 cm3 ± 
3.154 S.E.) was greater than those planted in plain pool filter sand (mean 4.276 cm3 ± 4.276 
S.E.), perlite (mean 3.785 cm3 ± 0.842 S.E.) and potting soil (mean 3.348 cm3 ± 1.190 S.E.). 
There was a significant difference in the length of new growth of cuttings planted in potting 
soil vs those planted in plain pool filter sand (U = 259.5, Z = 2.307, p = 0.020, n = 18, 46), 
perlite (U = 92.5, Z = 2.558, p = 0.009, n = 18, 20) and Thicket soil (U = 90.5, Z = -3.061, p = 
0.002, n = 18, 23). The length of new growth on cuttings planted in potting soil (mean 1.1 cm 
± 0.249 S.E.) was smaller than those planted in plain pool filter sand (mean 2.1 cm ± 0.271 
S.E.), perlite (mean 2.2 cm ± 0.357 S.E.) and Thicket soil (mean 2.9 cm ± 0.465 S.E.). 
There was a significant difference in the number of leaves on cuttings planted in perlite vs 
those planted in potting soil (U = 107, Z = -2.134, p = 0.033, n = 20, 18). The number of 
leaves on cuttings planted in perlite (mean 7.9 ± 1.433 S.E.) was smaller than those planted 
in potting soil (mean 11.3 ± 1.680 S.E.), and also smaller than those planted in Thicket soil 
(mean 9.2 ± 1.320 S.E.) and plain pool filter sand (mean 8.3 ± 8.282 S.E.). 
There was a significant difference in the mean root length of Crassula ovata cuttings planted 
in plain pool filter sand and treated with Seradix No. 3 vs without Seradix No. 3 (U = 652.5, Z 
= -2.47, p = 0.014), but no significant difference in the root volume (U = 777, Z = -1.412, p = 
0.158) or length of new growth (U = 928.5, Z = 0.123, p = 0.902). The mean root length of 
cuttings planted in plain pool filter sand and treated with Seradix No. 3 (mean 1.2 cm ± 0.112 
S.E.) was smaller than those not treated with Seradix No. 3 (mean 1.5 cm ± 0.131 S.E.).  
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There was also a significant difference in the number of leaves on cuttings planted in plain 
pool filter sand and treated with Seradix No. 3 vs without Seradix No. 3 (U = 684.5, Z = -
2.198, p = 0.028, n = 46, 41). The number of leaves on cuttings planted in plain pool filter 
sand and treated with Seradix No. 3 (mean 8.3 ± 8.283 S.E.) was smaller than those not 
treated with Seradix No. 3 (mean 10.9 ± 1.113 S.E.). 
Of the 148 cuttings planted in the various rooting media, 124 rooted. The overall rooting 
success of Crassula ovata was 84%. Eighty-five percent of the cuttings had new growth as 
well as leaves. The rooting media with the highest rooting success were, in descending 
order, plain pool filter sand without treatment with Seradix No. 3 (85%), perlite (85%), potting 
soil (83%), plain pool filter sand with treatment with Seradix No. 3 (83%) and Thicket soil 
(83%). The rooting experiment started in October 2008 produced 79% cutting strike, overall, 
with the highest strike also achieved in pool filter sand (88%) and lowest in Thicket soil 
(60%).  
Though Crassula ovata cuttings planted in Thicket soil were shorter than other cuttings, 
longer roots were produced that had a greater root volume than produced in other media. 
This was most likely due smaller stems falling off the main cuttings, rendering them shorter, 
and producing new plants from fallen sections of stem and leaves – increasing the surface 
area for the production of new roots. Thicket soil did not, however, produce the best strike 
rate. In fact, along with plain pool filter sand with treatment with Seradix No. 3, it had the 
lowest strike rate (83%). This also suggests that Thicket soil may have encouraged cutting 
rot, for the same reasons it produced the greatest mean root length – greater water and 
nutrient-retention. 
Treatment with Seradix No. 3 hormone powder had the opposite effect than expected on 
Crassula ovata cuttings. Cuttings treated with Seradix No. 3 had smaller mean root lengths 
and had fewer leaves than cuttings left untreated. There was also no significant difference in 
the root volume or length of new growth on cuttings treated with vs without Seradix No. 3. 
Cuttings treated with Seradix No. 3 hormone powder also had a lower strike rate (83%) than 
cuttings left untreated (85%).  
 
The finding that cuttings treated with Seradix No. 3 had significantly smaller mean root 
lengths and fewer leaves than cuttings left untreated, suggests that the application of rooting 
hormone may have had an inhibitory, rather than a stimulatory effect on root growth. 
Seradix© B No. 3 hormone powder [active ingredient: 4-(indol-3-yl)-butyric acid in a 
concentration of 8 g per kg] is indicated for use on hardwood plant cuttings, which includes 
Searsia species, but also mentions Crassula species, which are most often softwood or 
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semi-hardwood species. If an inappropriate strength of hormone powder is used, the label 
warns that „overstimulation may injure the cuttings‟ (Seradix© B No.3 600g Instruction 
Booklet). Hartmann et al. (1990) also warns that „concentrations of auxins substantially 
higher than those normally found in plant tissues may cause cell death‟, inhibiting the growth 
of root primordia and root elongation in stem cuttings (Cheng et al. 2008).  
3.3.2.4 Grewia robusta  
Overall, Grewia robusta cuttings had a mean length of 15.7 cm ± 0.249 S.E. (n = 120), with a 
mean basal diameter of 0.6 cm ± 0.04.18 S.E. Mean root length was significantly correlated 
with the length of new growth (r = 0.898, t(n-2) = 22.172, p<0.001) and the number of leaves 
on each cutting (r = 0.898, t(n-2) = 22.162, p<0.001). The length of new growth was 
significantly correlated with the number of leaves on each cutting (r = 0.999, t(n-2) = 
315.428, p<0.001). 
There was a significant difference in the basal diameter of cuttings planted in plain pool filter 
sand vs those planted in perlite (U = 429, Z = -1.982, p = 0.047, n = 61, 20) and potting soil 
(U = 355, Z = -2.538, p = 0.011, n = 61, 19). There was also a significant difference in the 
basal diameter of cuttings planted in Thicket soil vs those planted in perlite (U = 124, Z = 
2.056, p = 0.040, n = 20, 20) and potting soil (U = 83.5, Z = 2.992, p = 0.002, n = 20, 19). 
The basal diameter of cuttings planted in plain pool filter sand (0.6 cm ± 0.025 S.E.) and 
Thicket soil (0.5 cm ± 0.028 S.E.) were smaller than those planted in perlite (0.7 cm ± 0.049 
S.E.) and potting soil (0.7 cm ± 0.046 S.E.). 
There was no significant difference in the mean root length of Grewia robusta cuttings 
planted in plain pool filter sand vs perlite and Thicket soil (U = 560, Z = 0.548, p = 0.590, n = 
61, 20), and potting soil (U = 532, Z = 0.537, p = 0.598, n = 61, 19). There was also no 
significant difference in the length of new growth or number of leaves on cuttings planted in 
plain pool filter sand vs perlite and Thicket soil (U = 570, Z = 0.438, p = 0.668, n = 61, 20), 
and potting soil (U = 541.5, Z = 0.430, p = 0.670, n = 61, 19). 
Out of 120 cuttings planted in the various rooting media, only five rooted in plain pool filter 
sand (Plate 3.5). Four cuttings survived being planted out into nursery bags. The overall 
rooting success of Grewia robusta was 4%.  
The greater number of replicates (61 vs 20) of Grewia robusta cuttings planted in plain pool 
filter sand may account for the five rooted cuttings in this medium. It may also suggest that 
G. robusta favours a relatively sterile medium such as plain pool filter sand for rooting. If 
present at rehabilitation sites, G. robusta could be encouraged to spread via ground layers, 
by pegging down horizontal stems lying close to the ground. The formation of roots on 
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horizontally-growing stems has been observed in the field (pers. obs.), as seen on the stems 
used to make cuttings (Plate 3.5). 
 
 
Plate 3.5 Grewia robusta Burch. cuttings that rooted or survived – note root initials along the 
length of stems. 
 
3.3.2.5 Gymnosporia polyacantha subsp. polyacantha 
Overall, Gymnosporia polyacantha cuttings had a mean length of 14.8 cm ± 0.234 S.E. (n = 
100), with a mean basal diameter of 0.5 cm ± 0.014 S.E. The number of leaves was 
significantly correlated with mean root length (r = 0.337, t(n-2) = 3.540, p<0.001) and the 
length of new growth on each cutting (r = 0.352, t(n-2) = 3.717, p<0.001). 
 
There was a significant difference in the length of cuttings planted in plain pool filter sand vs 
those planted in perlite (U = 160, Z = 3.764, p<0.001, n = 40, 20) and potting soil (U = 272, Z 
= 1.999, p = 0.045, n = 40, 20). There was also a significant difference in the length of 
cuttings planted in perlite vs those planted in Thicket soil (U = 74.5, Z = -3.395, p<0.001, n = 
20, 20). The length of cuttings planted in plain pool filter sand (15.4 cm ± 0.341 S.E.) and 
Thicket soil (15.7 cm ± 0.503 S.E.) were greater than those planted in perlite (13.2 cm ± 
0.363 S.E.) and potting soil (14.3 cm ± 0.584 S.E.). 
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There was a significant difference in the number of leaves on cuttings planted in perlite vs 
those planted in potting soil (U = 160, Z adjusted = 2.078, p = 0.038, n = 20, 20). Leaves 
formed on the cuttings planted in perlite (mean 3.7 ± 1.906 S.E.), but no leaves formed on 
cuttings planted in potting soil. 
There was no significant difference in the mean root length and length of new of 
Gymnosporia polyacantha cuttings planted in plain pool filter sand vs perlite (U = 380, Z = -
0.314, p = 0.762, n = 40, 20), and perlite vs potting and Thicket soil (U = 190, Z = 0.271, p = 
0.799, n = 20, 20). There was also no significant difference in the length of new growth on 
cuttings planted in plain pool filter sand vs Thicket soil (U = 380, Z = -0.314, p = 0.762, n = 
40, 20), and perlite vs potting and Thicket soil (U = 190, Z = 0.271, p = 0.799, n = 20, 20). 
Out of 100 cuttings planted in the various rooting media, one rooted in perlite, one had new 
growth in Thicket soil, and eight had leaves in plain pool filter sand, perlite and Thicket soil. 
One cutting survived being planted out into potting soil. The overall rooting success of 
Gymnosporia polyacantha was 1%.  
The one rooted cutting in perlite may suggest that Gymnosporia polyacantha prefers a 
relatively sterile rooting medium. The presence of cuttings with leaves, but no roots in plain 
pool filter sand also suggests that plain pool filter sand may, given an extended rooting time, 
with the later addition of nutrients for root growth, be a good rooting medium. 
3.3.2.6 Lycium cinereum  
Overall, Lycium cinereum cuttings had a mean length of 18.4 cm ± 0.252 S.E. (n = 100), with 
a mean basal diameter of 0.6 cm ± 0.019 S.E. Basal diameter was significantly correlated 
with the mean root length (r = 0.270, t(n-2) = 2.776, p = 0.007), length of new growth (r = 
0.326, t(n-2) = 3.418, p<0.001) and number of leaves on each cutting (r = 0.299, t(n-2) = 
3.103, p = 0.003). Mean root length was significantly correlated with the length of new 
growth (r = 0.767, t(n-2) = 11.829, p<0.001) and number of leaves on each cutting (r = 
0.849, t(n-2) = 15.939, p<0.001). The length of new growth was significantly correlated with 
the number of leaves on each cutting (r = 0.785, t(n-2) = 12.549, p<0.001). 
There was a significant difference in the mean root length of Lycium cinereum cuttings 
planted in Thicket soil vs those planted in plain pool filter sand (U = 297.5, Z adjusted = -
2.300, p = 0.021, n = 20, 40) and potting soil (U = 145, Z adjusted = -2.035, p = 0.042, n = 
20, 20). The mean root length of cuttings planted in Thicket soil (mean 2.7 cm ± 1.227 S.E.) 
was greater than those planted in plain pool filter sand (mean 0.2 cm ± 0.097 S.E.) and 
potting soil (mean 0.1 cm ± 0.100 S.E.). 
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There was a significant difference in the length of new growth on cuttings planted in Thicket 
soil vs those planted in plain pool filter sand (U = 287.5, Z adjusted = -2.718, p = 0.007, n = 
20, 40), perlite (U = 139.5, Z adjusted = -2.342, p = 0.019, n = 20, 20) and potting soil (U = 
146, Z adjusted = -1.998, p = 0.046, n = 20, 20). The length of new growth on cuttings 
planted in Thicket soil (mean 16.1 cm ± 10.138 S.E.) was greater than those planted in plain 
pool filter sand (mean 1.2 cm ± 0.849 S.E.), perlite (mean 0.9 cm ± 0.875 S.E.) and potting 
soil (mean 1.4 ± 0.931 S.E.). 
There was a significant difference in the number of leaves on cuttings planted in Thicket soil 
vs those planted in plain pool filter sand (U = 271.5, Z = -2.015, p = 0.043, n = 20, 40) and 
potting soil (U = 124, Z = -2.056, p = 0.040, n = 20, 40). The number of leaves on cuttings 
planted in Thicket soil (mean 51.5 ± 38.704 S.E.) was greater than those planted in plain 
pool filter sand (mean 4.9 ± 2.425 S.E.) and potting soil (mean 0.2 ± 0.156 S.E.). 
Out of 100 cuttings planted in the various rooting media, 18 rooted, seven of which were in 
Thicket soil. The overall rooting success of Lycium cinereum was 18%. Thirteen percent of 
the cuttings had new growth and 21% had leaves. The successful rooting media were 
Thicket soil (35%), perlite (20%), plain pool filter sand (13%) and potting soil (10%). The 
propagation experiment started in October 2008 produced 0% strike in Lycium species. 
3.3.2.7 Lycium oxycarpum  
Overall, Lycium oxycarpum cuttings had a mean length of 19.5 cm ± 0.247 S.E. (n = 110), 
with a mean basal diameter of 0.6 cm ± 0.014 S.E. Cutting length was significantly 
correlated with basal diameter (r = 0.241, t(n-2) = 2.579, p = 0.011). Mean root length was 
significantly correlated with the length of new growth (r = 0.507, t(n-2) = 6.112, p<0.001) and 
the number of leaves on each cutting (r = 0.507, t(n-2) = 6.112, p<0.001). 
There was a significant difference in the basal diameter of cuttings planted in plain pool filter 
sand vs those planted in perlite (U = 305.5, Z = -2.529, p = 0.011, n = 50, 20). The basal 
diameter of cuttings planted in plain pool filter sand (mean 0.5 cm ± 0.021 S.E.) was smaller 
than those planted in perlite (mean 0.6 cm ± 0.027 S.E.). 
There was a significant difference in the mean root length of cuttings planted in plain pool 
filter sand vs those planted in Thicket soil (U = 425, Z adjusted = -2.778, p = 0.005, n = 50, 
20). The mean root length of cuttings planted in plain pool filter sand (mean 0 cm ± 0.000 
S.E.) was smaller than those planted in Thicket soil (mean 0.1 cm ± 0.055 S.E.). 
There was no significant difference in the length of new growth and the number of leaves on 
Lycium oxycarpum cuttings planted in plain pool filter sand vs perlite (U = 475.0, Z = -0.325, 
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p = 0.752, n = 50, 20), and perlite vs potting and Thicket soil (U = 190, Z = 0.271, p =  0.799, 
n = 20, 20). 
Out of 110 cuttings planted in the various rooting media, only 4 rooted, 3 of which were in 
Thicket soil and 1 in perlite. The overall rooting success of Lycium oxycarpum was 4%. 1% 
of the cuttings had new growth and leaves. The rooting medium with the highest rooting 
success was Thicket soil (15%), with perlite achieving 5% rooting. The propagation 
experiment started in October 2008 produced 14% cutting strike in Lycium species i.e. L. 
ferocissimum and L. oxycarpum, overall. The highest strike was achieved in pool filter sand 
(17%). Thicket soil and potting soil produced 10% strike in perlite, with 0% in potting soil. 
This was most likely due to longer and thicker cuttings being used in the October 2008 
experiment, as well as more replicate cuttings planted in pool filter sand, in particular. 
In Lycium cinereum, Thicket soil produced cuttings with a greater mean root length, as well 
as length of new growth and number of leaves, than cuttings planted in plain pool filter sand 
and potting soil. Thicket soil produced the greatest percentage strike and mean root length in 
Lycium cuttings, followed by perlite. Lycium species had a 21% overall strike rate, making it 
a good candidate species for propagation for use in rehabilitation. 
3.3.2.8 Portulacaria afra  
Overall, Portulacaria afra cuttings had a mean length of 19 cm ± 0.381 S.E. (n = 140), with a 
mean basal diameter of 1.2 cm ± 0.064 S.E. Cutting length was significantly correlated with 
basal diameter (r = -0.372, t(n-2) = -4.701, p<0.001) and the length of new growth on each 
cutting (r = -0.278, t(n-2) = -3.400, p<0.001). Basal diameter was significantly correlated with 
the length of new growth (r = 0.521, t(n-2) = 7.168, p<0.001) and the number of leaves on 
each cutting (r = 0.349, t(n-2) = 4.368, p<0.001). Mean root length was significantly 
correlated with the length of new growth (r = 0.354, t(n-2) = 4.441, p<0.001) and the number 
of leaves on each cutting (r = 0.288, t(n-2) = 3.536, p<0.001). Root volume was significantly 
correlated with the mean root length (r = 0.624, t(n-2) = 9.384, p<0.001), length of new 
growth (r = 0.371, t(n-2) = 4.695, p<0.001) and the number of leaves on each cutting (r = 
0.507, t(n-2) = 6.914, p<0.001). The length of new growth was significantly correlated with 
the number of leaves on each cutting (r = 0.703, t(n-2) = 11.614, p<0.001). 
There was a significant difference in the basal diameter of cuttings planted in plain pool filter 
sand vs those planted in perlite (U = 268, Z = 2.070, p = 0.038, n = 40, 20) and Thicket soil 
(U = 247, Z = 2.399, p = 0.016, n = 40, 20). The basal diameter of cuttings planted in plain 
pool filter sand (mean 1.3 cm ± 0.05 S.E.) was smaller than those planted in perlite (mean 
1.5 cm ± 0.404 S.E.) and greater than those planted in Thicket soil (mean 1 cm ± 0.088 
S.E.). 
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There was a significant difference in the mean root length of Portulacaria afra cuttings 
planted in Thicket soil vs those planted in plain pool filter sand (U = 2, Z = -6.241, p<0.001, n 
= 20, 40), perlite (U = 0.0, Z = -5.410, p<0.001, n = 20, 20) and potting soil (U = 4, Z = -
5.302, p<0.001, n = 20, 20). The mean root length of cuttings planted in Thicket soil (mean 3 
cm ± 0.250 S.E.) was greater than those planted in pool filter sand (mean 0.7 cm ± 0.044 
S.E.), perlite (mean 0.6 cm ± 0.043 S.E.) and potting soil (mean 0.8 cm ± 0.089 S.E.). There 
was also a significant difference in the mean root length of cuttings planted in perlite vs 
potting soil (U = 116, Z = -2.272, p = 0.023, n = 20, 20). The mean root length of cuttings 
planted in perlite was smaller than those planted in potting soil. 
There was a significant difference in the root volume of cuttings planted in plain pool filter 
sand vs those planted in perlite (U = 245.5, Z = -2.423, p = 0.015, n = 40, 20), potting (U = 
160, Z = -3.764, p<0.001, n = 40, 20) and Thicket soil (U = 0.0, Z = -6.273, p<0.001, n = 40, 
20). The root volume of cuttings planted in plain pool filter sand (mean 1.265 cm3 ± 0.109 
S.E.) was smaller than those planted in perlite (mean 1.941 cm3 ± 0.279 S.E.), potting (mean 
6.345 cm3 ± 1.956 S.E.) and Thicket soil (mean 31.132 cm3 ± 10.432 S.E.). 
There was also a significant difference in the root volume of cuttings planted in perlite vs 
those planted in potting soil (U = 116, Z = -2.272, p = 0.023, n = 20, 20). The root volume of 
cuttings planted in perlite (mean 1.941 cm3 ± 0.279 S.E.) was smaller than those planted in 
potting soil (mean 6.345 cm3 ± 1.956 S.E.). 
There was also a significant difference in the root volume of cuttings planted in Thicket soil 
vs those planted in perlite (U = 1, Z = -5.383, p<0.001, n = 20, 20) and potting soil (U = 46.5, 
-4.152, p<0.001, n = 20, 20). The root volume of cuttings planted in Thicket soil (mean 
31.132 cm3 ± 10.432 S.E.) was greater than those planted in perlite (mean 1.941 cm3 ± 
0.279 S.E.) and potting soil (mean 6.345 cm3 ± 1.956 S.E.). 
There was a significant difference in the length of new growth on cuttings planted in perlite 
vs those planted in Thicket soil (U = 124, Z = -2.056, p = 0.040, n = 20, 20). The length of 
new growth on cuttings planted in perlite (mean 8.9 cm ± 2.315 S.E.) was smaller than those 
planted in Thicket soil (mean 11.5 cm ± 1.459 S.E.). 
There was no significant difference in the mean root length (U = 751.5, Z = -0.467, p = 
0.641, n = 40, 40), root volume (U = 782, Z = 0.173, p = 0.862, n = 40, 40), length of new 
growth (U = 762, Z = 0.366, p = 0.715, n = 40, 40) and the number of leaves (U = 716.5, Z = 
0.803, p = 0.422, n = 40, 40) on cuttings planted in plain pool filter sand and treated with 
Seradix No. 3 vs without Seradix No. 3. Treatment with Seradix No. 3 hormone powder also 
produced a percentage cutting strike equal to that of no treatment with Seradix No. 3 (95%).  
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Out of 140 cuttings planted in the various rooting media, 136 rooted. The overall rooting 
success of Portulacaria afra was, therefore, 97%. Ninety-eight percent of the cuttings had 
new growth and 99% had leaves. Hundred percent of the cuttings planted in perlite, potting 
soil and Thicket soil rooted. Ninety-five percent of the cuttings planted in plain pool filter sand 
and treated with and without Seradix No. 3, rooted. Though only 40 replicate cuttings were 
planted in the October 2008 experiment, 100% strike was achieved in cuttings in all rooting 
media tested. This was most likely due to longer (mean 34.7 cm ± 0.754) and thicker (mean 
1.7 cm ± 0.036 S.E.) cuttings being used cm. Interestingly, some cuttings taken in October 
2008 were in flower and continued to produce fruits and set seed, with seedlings coming up 
and surviving in the Thicket soil rooting mix (Plate 3.6). A single Cussonia sp. seedling also 
came up from Thicket soil in a nursery bag planted up with rooted Portulacaria afra cuttings 
in a mix of 1 part Thicket soil: 1 part river sand: 2 parts potting soil – a good indication that 
regeneration from the seedbank is possible at Krompoort, as confirmed by Van der Vyver 
(2011). 
 
Plate 3.6 Portulacaria afra Jacq. seedlings germinated from seed off fruiting cuttings in the 
Thicket soil rooting mix. 
Thicket soil produced Portulacaria afra cuttings with significantly greater mean root lengths 
and root volumes than the other media tested. Potting soil produced the second best results, 
followed by „sterile‟ media perlite and plain pool filter sand. This suggests that P. afra prefers 
the presence of organic matter and nutrients, as present in Thicket and potting soil. Perlite, 
potting and Thicket soil all produced a 100% strike in P. afra, with plain pool filter sand 
treated with and without Seradix No. 3 producing a 95% strike rate. There was, therefore, 
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considerably less cutting death in P. afra cuttings than in Crassula ovata cuttings, which had 
85% cutting strike when rooted in plain pool filter sand, without the application of Seradix No. 
3. 
3.3.2.9 Rhigozum obovatum  
Overall, Rhigozum obovatum cuttings had a mean length of 12.3 cm ± 0.151 S.E. (n = 115), 
with a mean basal diameter of 0.7 cm ± 0.019 S.E. (n = 115). Basal diameter was 
significantly correlated with mean root length (r = 0.315, t(n-2) = 3.534, p<0.001, n = 115), 
length of new growth (r = 0.441, t(n-2) = 5.218, p<0.001, n = 115) and the number of leaves 
on each cutting (r = 0.285, t(n-2) = 3.155, p = 0.002, n = 115). Mean root length was 
significantly correlated with the length of new growth (r = 0.450, t(n-2) = 5.363, p<0.001, n = 
115) and the number of leaves on each cutting (r = 0.527, t(n-2) = 6.586, p<0.001, n = 115). 
The length of new growth was significantly correlated with the number of leaves on each 
cutting (r = 0.761, t(n-2) = 12.454, p<0.001, n = 115). 
There was a significant difference in the basal diameter of cuttings planted in Thicket soil vs 
those planted in plain pool filter sand (U = 188.5, Z = 4.331, p<0.001, n = 20, 55), perlite (U 
= 74.5, Z = 3.395, p<0.001, n = 20, 20) and potting soil (U = 102, Z = 2.651, p = 0.007, n = 
20, 20). The basal diameter of cuttings planted in Thicket soil (mean 0.5 cm ± 0.023 S.E.) 
was smaller than those planted in plain pool filter sand (mean 0.7 cm ± 0.027 S.E.), perlite 
(mean 0.7 cm ± 0.041 S.E.) and potting soil (mean 0.7 cm ± 0.05 S.E.). 
There was a significant difference in the mean root length of Rhigozum obovatum cuttings 
planted in perlite vs those planted in plain pool filter sand (U = 312, Z = -2.851, p = 0.004, n 
= 20, 55), potting soil (U = 96, Z = 2.813, p = 0.004, n = 20, 20) and Thicket soil (U = 104, Z 
= 2.597, p = 0.009, n = 20, 20). The mean root length of cuttings planted in perlite (mean 1.2 
cm ± 0.256 S.E.) was greater than those planted in plain pool filter sand (mean 0.3 cm ± 
0.084 S.E.), potting soil (mean 0.3 cm ± 0.275 S.E.) and Thicket soil (mean 0.4 cm ± 0.317 
S.E.). 
There was a significant difference in the length of new growth on cuttings planted in Thicket 
soil vs those planted in plain pool filter sand (U = 417, Z adjusted = 2.013, p = 0.044, n = 20, 
55) and perlite (U = 122, Z = 2.110, p = 0.035, n = 20, 20). The length of new growth on 
cuttings planted in Thicket soil (mean 1.3 cm ± 0.890 S.E.) was smaller than those planted in 
plain pool filter sand (mean 3.4 cm ± 0.851 S.E.) and perlite (mean 4.5 cm ± 1.668 S.E.). 
There was a significant difference in the number of leaves on cuttings planted in perlite vs 
those planted in potting soil (U = 111.5, Z = 2.394, p = 0.015, n = 20, 20) and Thicket soil (U 
= 100.5, Z = 2.691, p = 0.006, n = 20, 20). The number of leaves on cuttings planted in 
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perlite (mean 30 ± 5.905 S.E.) was greater than those planted potting soil (mean 10.45 ± 
3.439 S.E.) and Thicket soil (mean 7.250 ± 3.773 S.E.). 
There was also a significant difference in the number of leaves on cuttings planted in plain 
pool filter sand vs those planted in Thicket soil (U = 395, Z adjusted = 2.030, p = 0.042, n = 
55, 20). The number of leaves on cuttings planted in plain pool filter sand (mean 20.909 ± 
3.676 S.E.) was greater than those planted in Thicket soil (mean 7.250 ± 3.773 S.E.). 
Out of 115 cuttings planted in the various rooting media, 28 rooted. The overall rooting 
success of Rhigozum obovatum was, therefore, 24%. Thirty-three percent of the cuttings 
had new growth and 48% had leaves. The rooting media with the highest rooting success 
were, in descending order, perlite (60%), plain pool filter sand (24%), Thicket soil (10%) and 
potting soil (5%). Callus growth was noted in 51 of the 115 cuttings planted. Of these 51 
cuttings, 28 had substantial root growth associated with callus growth i.e. more than half of 
the cuttings. This suggests that R. obovatum favours cutting wounding, to encourage root 
growth via callus growth, though callus tissue on R. obovatum cuttings showed a tendency 
towards rot where no roots had yet formed. Pre-callusing treatment of hardwood cuttings, 
prior to the application of auxin, has been shown to result in more successful rooting, and 
reduce the adverse effects of the use of too high concentrations of auxin on cuttings 
(Swingle 1940). 
The October 2008 propagation experiment produced 7% cutting strike overall, with the 
greatest strike achieved in pool filter sand (10%). Sterile media i.e. plain pool filter sand and 
perlite, were best at promoting root growth in Rhigozum obovatum cuttings. Perlite produced 
greater mean root lengths in cuttings than the other media tested. Perlite, plain pool filter 
sand and potting soil were best at promoting new stem growth, as well as leaf growth, on 
cuttings. Overall, R. obovatum cuttings had a 24% strike rate, which makes it a good 
candidate species for propagation for rehabilitation. 
3.3.2.10 Searsia longispina  
Overall, Searsia longispina cuttings had a mean length of 15.6 cm ± 0.213 S.E. (n = 120), 
with a mean basal diameter of 0.8 cm ± 0.019 S.E. (n = 120). Cutting length was significantly 
correlated with basal diameter (r = 0.440, t(n-2) = 5.322, p<0.001, n = 120) and the number 
of leaves on each cutting (r = 0.188, t(n-2) = 2.076, p = 0.040, n = 120). Mean root length 
was significantly correlated with the length of new growth (r = 0.584, t(n-2) = 7.807, p<0.001, 
n = 120) and the number of leaves on each cutting (r = 0.609, t(n-2) = 8.339, p<0.001, n = 
120). The length of new growth was significantly correlated with the number of leaves on 
each cutting (r = 0.949, t(n-2) = 32.574, p<0.001, n = 120). 
76 
 
There was a significant difference in the length of cuttings planted in Thicket soil vs those 
planted in plain pool filter sand (U = 410, Z = 2.371, p = 0.018, n = 21, 60) and perlite (U = 
125.5, Z = 2.004, p = 0.044, n = 21, 19). The length of cuttings planted in Thicket soil (mean 
14.6 cm ± 0.555 S.E.) was smaller than those planted in plain pool filter sand (mean 15.9 cm 
± 0.279 S.E.) and perlite (mean 16 cm ± 0.439 S.E.). 
There was a significant difference in the basal diameter of cuttings planted in plain pool filter 
sand vs those planted in potting (U = 399.5, Z = 2.228, p = 0.025, n = 60, 20) and Thicket 
soil (U = 330, Z = 3.233, p = 0.001, n = 60, 21). The basal diameter of cuttings planted in 
plain pool filter sand (mean 0.8 cm ± 0.02 S.E.) was greater than those planted in potting 
(mean 0.7 cm ± 0.06 S.E.) and Thicket soil (mean 0.7 cm ± 0.047 S.E.). 
There was a significant difference in the mean root length of Searsia longispina cuttings 
planted in plain pool filter sand vs those planted in perlite (U = 465, Z adjusted = -2.622, p = 
0.009, n = 60, 19), potting soil (U = 404, Z = -2.178, p = 0.029, n = 60, 20) and Thicket soil 
(U = 346, Z = -3.061, p = 0.002, n = 60, 21). The mean root length of cuttings planted in plain 
pool filter sand (mean 0.2 cm ± 0.018 S.E.) was smaller than those planted in perlite (mean 
0.5 cm ± 0.253 S.E.), potting soil (mean 1.1 cm ± 0.413 S.E.) and Thicket soil (mean 1.1 cm 
± 0.467 S.E.). 
There was a significant difference in the length of new growth on cuttings planted in plain 
pool filter sand vs those planted in perlite (U = 475.5, Z adjusted = -2.199, p = 0.028, n = 60, 
19) and potting soil (U = 446.5, Z adjusted = -3.109, p = 0.002, n = 60, 20). The length of 
new growth on cuttings planted in plain pool filter sand (mean 0.1 cm ± 0.049 S.E.) was 
smaller than those planted in perlite (mean 1.8 cm ± 1.069 S.E.) and potting soil (mean 1.4 
cm ± 0.780 S.E.). 
There was a significant difference in the number of leaves on cuttings planted in plain pool 
filter sand vs those planted in perlite (U = 444.5, Z adjusted = -2.750, p = 0.006, n = 60, 19) 
and potting soil (U = 418, Z = -2.022, p = 0.043, n = 60, 20). The number of leaves on 
cuttings planted in pool filter sand (mean 0.367 ± 0.211 S.E.) was smaller than those planted 
in perlite (mean 6.368 ± 3.337 S.E.) and potting soil (mean 3.35 ± 1.306 S.E.). 
Out of 120 cuttings planted in the various rooting media, 23 rooted. The overall rooting 
success of Searsia longispina was, therefore, 19%. Thirteen percent of the cuttings had new 
growth and 15% had leaves. The rooting media with the highest rooting success were, in a 
descending order, Thicket soil (48%), potting soil (35%), perlite (21%) and plain pool filter 
sand (3%). Cuttings taken in October 2008 achieved 5% strike overall, with two cuttings 
rooting in pool filter sand and one in perlite. Cuttings were much longer and thicker than 
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those taken in November 2008, with fewer replicate cuttings planted per rooting mix. This 
suggests that successful propagation of S. longispina requires smaller cuttings and a greater 
number of replicate cuttings planted, in order to achieve sufficient strike.  
Plain pool filter sand produced Searsia longispina cuttings with smaller mean root lengths, 
new stem growth and number of leaves than cuttings planted in the other media. Perlite, 
potting and Thicket soil produced a far better percentage cutting strike than plain pool filter 
sand. Thicket soil produced 47% cutting strike - this suggests that S. longispina prefers the 
nutrients provided by Thicket soil. Overall, S. longispina had a 19% strike rate, making it a 
good candidate species for propagation. 
3.3.3 Rooting media 
Bulk density was negatively correlated with field capacity (r = -0.87, t(n-2) = -10.302, 
p<0.001, n = 36), total porosity (r = -0.86, t(n-2) = -9.848, p<0.001, n = 36) and aeration 
porosity (r = -0.629, t(n-2) = -4.719, p<0.001, n = 36). This is as expected, as bulk density 
and porosity are inversely related (Chong 2008). Field capacity was positively correlated with 
total porosity (r = 0.767, t(n-2) = 6.971, p<0.001, n = 36) and aeration porosity (r = 0.555, t(n-
2) = 3.893, p<0.001, n = 36). This is also as expected, the spaces between particles allow 
rooting media to adsorb or „hold onto‟ water and trap air.  
There was a significant difference in the mean bulk density (T = 0, Z = 2.023, p = 0.043, n = 
5) and mean total porosity (T = 0, Z = 2.023, p = 0.043, n = 5) of pure rooting media vs 
rooting media mixed in a 1:1 ratio with pool filter sand i.e. perlite, vermiculite, potting soil, 
coarse bark and Thicket soil, with no significant difference in the mean field capacity (T = 3, 
Z = 1.214, p = 0.225, n = 5) and mean aeration porosity (T = 6, Z = 0.405, p = 0.686, n = 5).  
When rooting media were compared individually using raw datasets, however, physical 
properties of pure rooting media vs rooting media mixed in a 1:1 ratio with pool filter sand 
were not significantly different [Appendix 2, Table I]. This indicates that pool filter sand 
worked only to „extend‟ rooting media, rather than change their physical properties. The 
„extension‟ of perlite and vermiculite with pool filter sand increased bulk density fourfold 
[Figure 3.3] and increased aeration porosity Figure 3.5], but decreased field capacity [Figure 
3.2]  approximately fourfold, as well as total porosity [Figure 3.4].  
There were no significant differences, when comparing raw datasets, in the physical 
properties of pure rooting media tested i.e. pool filter sand, perlite, vermiculite, potting soil, 
coarse bark and Thicket soil [Appendix 2, Tables II to V], despite the marked differences 
shown in Figures 3.2 to 3.5. The physical properties of pool filter sand, coarse river sand and 
Thicket soil were similarly high or low, compared to perlite, vermiculite, potting soil and 
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coarse bark – which had higher field capacities, total porosities and aeration porosities, and 
lower bulk densities. Pool filter sand, coarse river sand and Thicket soil are similarly „heavy‟ 
media, with greater mean bulk densities than perlite, vermiculite, potting soil and coarse 
bark. The bulk density of potting soil was greatly increased, and the field capacity and total 
porosity decreased, by the addition of pool filter sand. This suggests that less pool filter sand 
should be added to potting soil when used as a rooting medium, in order to maintain its 
porosity. 
The physical properties of Thicket soil remained largely unaffected by the addition of pool 
filter sand. It was though that the addition of pool filter sand would decrease its field capacity 
and increase the total porosity and aeration porosity of Thicket soil, and so improve its 
physical properties, as Sundays Thicket soil consists of a high percentage clay, mixed with 
weathered shale and sandstone (Mills and Fey 2004). 
 
Figure 3.2 Mean (bars represent ± 1 S.E.) percentage field capacity of pure rooting media 
and rooting mixes of 1 part rooting medium to 1 part pool filter sand (n = 3). 
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Figure 3.3 Mean (bars represent ± 1 S.E.) bulk density of pure rooting media, as well rooting 
mixes of 1 part rooting medium to 1 part pool filter sand (n = 3). 
 
Figure 3.4 Mean (bars represent ± 1 S.E.) percentage total porosity of pure rooting media 
and rooting mixes of 1 part rooting medium to 1 part pool filter sand (n = 3). 
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Figure 3.5 Mean (bars represent ± 1 S.E.) percentage aeration porosity of pure rooting 
media and rooting mixes of 1 part rooting medium to 1 part pool filter sand (n = 3). 
 
Field capacity 
The recommended field capacity, or water-holding capacity, of a rooting medium is between 
25 and 35% (Chong 2008). The mean field capacities of pure pool filter sand (27% ± 0.386 
S.E.), and 1:1 mixes of pure rooting media with pool filter sand in potting soil (34% ± 0.934 
S.E.) and Thicket soil (22% ± 0.306 S.E.) fall within this recommended range. The mean 
field capacity of a 1:1 mix of perlite to pool filter sand (60% ± 6.869 S.E.) exceeds this range.  
The high field capacity and total porosity of perlite was thought to be unsuitable for cutting 
propagation, despite being an inorganic and sterile material, as trays were to be hand-
watered, and not placed under intermittent mist – though a coarse medium, such as perlite, 
is considered best when hand-watering propagation substrates (Chong 2008). The 1:1 
dilution of perlite in the cutting propagation experiment was, therefore, wise, as it also 
brought the field capacity of perlite down to a level more comparable with that of the other 
rooting materials tested.  
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Bulk density 
Materials with a bulk density of 0.5 g cm-3 are most commonly used in growing seedlings and 
rooting cuttings (Chong 2008). Iglesias-Díaz et al. (2009) recommend that a bulk density of 
between 0.3 and 0.8 g cm-3 is best in a rooting medium, or as low as 0.15 to 0.8 g cm-3 
(Chen et al. 2003). The mean bulk density of pure potting soil was closest to the 
recommended value (0.5 g cm-3), at 0.483 g cm-3 ± 0.009 S.E., with pure vermiculite (0.206 
cm-3 ± 0.01 S.E.) and coarse bark (0.265 g cm-3 ± 0.01 S.E.) being the lightest media. 
Vermiculite is a lighter medium than pool filter sand, its bulk density ranging between 0.6 and 
1.6 g cm-3 (Chong 2008). Sand generally has a high bulk density of 1.45 to 1.65 g cm3 
(Chong et al. 2008), which compares well to the mean bulk densities of pool filter sand 
(1.435 g cm-3 ± 0.057 S.E.), coarse river sand (1.680 g cm-3 ± 0.04 S.E.) and pure Thicket 
soil (1.567 g cm-3 ± 0.095 S.E.) measured in this study. The mean bulk density of perlite 
(0.177 g cm-3 ± 0.014 S.E.) also falls within a general range of 0.1 to 0.24 cm-3 recorded for 
perlite (Ingram et al. 1993, Chong 2008, Chong et al. 2008), as well as coarse bark (0.265 g 
cm-3 ± 0.010 S.E.), which has a bulk density of 0.2 to 0.25 g cm-3 (Chong 2008).  
 
The bulk density of rooting media mixed in a 1:1 ratio with pool filter sand were all higher 
than the general preferred bulk density of 0.5 g cm-3 i.e. perlite (0.794 g cm-3 ± 0.014 S.E.), 
vermiculite (0.808 g cm-3 ± 0.034 S.E.), potting soil (0.986 g cm-3 ± 0.018 S.E.), coarse bark 
(0.941 g cm-3 ± 0.115 S.E.) and Thicket soil (1.572 g cm-3 ± 0.0778 S.E.). This suggests that 
in order to maintain the total porosity, and aeration porosity of the rooting mix, in particular, 
less pool filter sand should be added to the rooting medium – perhaps mixing pool filter sand 
in a 1:3 part ratio with pure rooting media (Chong 2008). 
Total porosity 
The total porosity value of a medium should be 50%, but preferably range between 65 to 
75% of the medium by volume (Chong 2008), or as low as 50% to 75% (Chen et al. 2003). 
Maragatham and Raj (2010) recommend a total porosity of 60 to 80% in a „well-formulated‟ 
medium. Pure perlite (59% ± 1.814 S.E.), potting soil (61% ± 1.282 S.E.), coarse bark (66% 
± 4.622 S.E.), vermiculite (68% ± 2.454 S.E.) and vermiculite diluted 1:1 with pool filter sand 
(55% ± 1.374 S.E.), approached this preferred range of total porosity. Pure pool filter sand 
(42% ± 1.11 S.E.) and 1:1 dilutions of pool filter sand with perlite (46% ± 1.498 S.E.) and 
potting soil (49% ± 0.793 S.E.) come close to, but were lower than the minimum desired total 
porosity of 50%. Pure Thicket soil (25% ± 1.753 S.E.) and Thicket soil diluted 1:1 with pool 
filter sand (24% ± 1.295 S.E.) had the lowest mean total porosities – this is because  Thicket 
soil consisted largely of  coarse shale gravel and fine clay, with few pores in-between 
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particles. Coarse river sand has a lower mean total porosity than pool filter sand, at 33% ± 
1.171 S.E., as it consists of different-sized particles vs pool filter sand with uniform, 1.1 mm 
diameter particles. 
 
Aeration porosity 
The aeration porosity of a medium should be 12 to 30% of the medium per volume (Chong 
2008). Gislerod (1983) recommends an air content of 20 to 45%, but no lower than 15%, 
Chen et al. (2003) recommend 10% to 20%, and Ruter (2008) and Maragatham and Raj 
(2010) recommend an air content of 25 to 35%. The aeration porosity of perlite mixed in a 
1:1 ratio with pool filter sand is the only rooting mix falling within any of the recommended 
ranges, at 22% ± 9.893 S.E. All other rooting mixes had mean aeration porosities below this 
range, the lowest being that of Thicket soil (2% ± 0.152 S.E.), followed by pure pool filter 
sand (4% ± 0.224 S.E.) and potting soil (6% ± 0.049 S.E.). Coarse river sand also has a low 
mean aeration porosity (4% ± 0.281 S.E.). This low aeration porosity of Thicket soil, in 
particular, could be what accounts for the high percentage of cutting rot in certain woody 
species, particular species that rooted better in pool filter sand and the 1:1 dilution of pool 
filter sand with perlite.  
Pool filter sand vs coarse river sand 
There was no significant difference in the field capacity (U = 0, Z = -1.964, p = 0.1, n = 3, 3), 
bulk density (U = 0, Z = -1.964, p = 0.1, n = 3, 3), total porosity  (U = 0, Z = 1.964, p = 0.1, n 
= 3, 3) aeration porosity (U = 2, Z = -1.091, p = 0.4, n = 3, 3) of pool filter sand and coarse 
river sand. Pool filter sand did, however, have a higher mean field capacity (27% ± 0.386 
S.E. vs 21% ± 0.07 S.E.) and mean total porosity (42% ± 1.11 S.E. vs 33% ± 1.171 S.E.) 
than coarse river sand, which had a mean higher bulk density (1.68 g cm-3 ± 0.04 S.E. vs 
1.435 g cm-3 ± 0.057 S.E.) and mean aeration porosity (4% ± 0.281 S.E. vs 4% ± 0.224 
S.E.). Pool filter sand is, therefore, a good substitute for coarse river sand and vice versa. 
Pool filter sand is a more expensive medium, at R95.00 a 40 kg bag, than coarse river sand, 
at R24 a 15 kg bag, or approximately R400 a ton. Pool filter sand is a more uniform medium, 
however, having been sieved to 1.1 mm diameter grain size compared to coarse river sand, 
consisting of very fine sand to coarse gravel. Sieving of coarse river sand prior to use is 
often recommended, in order to remove the fine fraction of sand, which has a high water-
holding capacity, leading to cutting rot (Chong 2008). Adding 25% sand by volume to the mix 
does not change the porosity of the medium, sand often being used in used in commercial 
rooting mixes to increase the weight of the propagation medium, so that containers remain 
upright (Chong 2008).  
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Rooting media and cutting strike 
Despite the significant differences in percentage strike and mean root lengths of cuttings in 
different rooting media within species, there were no significant differences in the physical 
properties of different 1:1 „diluted‟ rooting mixes used [Appendix 2, Table I], or pure rooting 
media [Appendix 2, Tables II to V]. There was also no significant difference in the 
percentage cutting strike [Appendix 2, Table VI], mean root length [Appendix 2, Table VII], 
percentage of cuttings with new growth [Appendix 2, Table VIII], mean length of new growth 
on cuttings [Appendix 2, Table IX], percentage of cuttings with leaves [Appendix 2, Table X] 
and mean number of leaves on cuttings [Appendix 2, Table XI] (of al ten species) planted in 
the different 1:1 „diluted‟ rooting mixes used in the cutting propagation experiment.  
There were some exceptions, however. There was a significant difference in the mean root 
length of cuttings planted in potting soil vs Thicket soil (T = 0, Z = 2.201, p = 0.028, n = 10). 
The mean root length of cuttings rooted in potting soil (overall mean 0.363 cm ± 0.161 S.E.) 
was smaller than those rooted in Thicket soil (overall mean 0.995 cm ± 0.408 S.E.). There 
was also a significant difference in the percentage of cuttings with leaves (T = 6.5, Z = 2.141, 
p = 0.032, n = 10) and mean number of leaves (T = 7, Z = 2.09, p = 0.37, n = 10) on cuttings 
planted in pool filter sand vs perlite. The percentage of cuttings with leaves planted in plain 
pool filter sand (overall mean 27% ± 11.591 S.E.) was smaller than those planted in Perlite 
(overall mean 35% ± 11.949 S.E.). The mean number of leaves on cuttings planted in plain 
pool filter sand (overall mean 7.08 leaves ± 3.639 S.E.) was also smaller than those planted 
in Perlite (overall mean 9.862 leaves ± 4.058 S.E.). 
Rooting success of species 
There was a significant difference in the percentage strike (U = 0, Z = 4.328, p<0.001, n = 
8succulent, n = 32woody) and mean root length (U = 16, Z = 3.787, p<0.001, n = 8succulent, n = 
32woody) of cuttings of succulent species i.e. Crassula ovata and Portulacaria afra, vs woody 
species i.e. Azima tetracantha, Carissa bispinosa, Grewia robusta, Gymnosporia 
polyacantha, Lycium cinereum, L. oxycarpum, Rhigozum obovatum and Searsia longispina 
in all the rooting media tested. Percentage strike and mean root length in succulent species 
were greater in succulent species than in woody species – this was as expected. 
There was no significant difference in the percentage strike (U = 183, Z = 0.46, p = 0.659, n 
= 20, 20) and mean root length (U = 194.5, Z = 0.149, p = 0.883, n = 20, 20) on cuttings of 
species growth in „sterile‟ media i.e. pool filter sand and perlite vs „non-sterile‟ media i.e. 
potting and Thicket soil – this was not as expected. 
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In Figure 3.11, it is clear that Crassula ovata and Portulacaria afra cuttings had the most 
successful rooting overall, P. afra having the greatest percentage strike in all media tested. 
The percentage strike in C. ovata and P. afra were never below 80 and 90%, respectively. 
Rhigozum obovatum, Lycium cincereum and Searsia longispina showed the next best 
rooting success of the woody species. When comparing the percentage strike and mean root 
length of cuttings [Figures 3.6 and 3.7], Thicket soil is the preferred rooting medium for 
Lycium species, P. afra and S. longispina. Perlite is the preferred rooting medium for 
Gymnosporia polyacantha and R. obovatum. Plain pool filter sand is preferred by Azima 
tetracantha, Carissa bispinosa and Grewia robusta, and appears to be preferred by C. ovata 
(without the application of Seradix No. 3 rooting hormone). 
Overall, the best strike was achieved in Portulacaria afra and Crassula ovata cuttings, with 
greater than 80% strike, followed by Rhigozum obovatum (24%), Searsia longispina (19%), 
Lycium cinereum (18%), Grewia robusta (4%) and L. oxycarpum (4%). Crassula ovata and 
Portulacaria afra produced the most and the longest roots, as shown in Figure 3.7. The 
longest roots, overall, were measured in Thicket soil on C. ovata, Lycium cinereum, P. afra 
and Searsia longispina cuttings, and in perlite, on Rhigozum obovatum cuttings. The rooting 
media that produced the greatest mean root length were, in descending order: Thicket soil 
(overall mean 1 cm ± 0.408 S.E.); perlite (overall mean 0.4 cm ± 0.147 S.E.); potting soil 
(overall mean 0.4 cm ± 0.161 S.E.), and plain pool filter sand (overall mean 0.3 cm ± 0.12 
S.E.). 
There was no significant difference in the percentage with new stem growth, or mean length 
of new stem growth on cuttings (of all ten species) rooted in the various rooting media tested 
[Appendix 2, Tables VIII and IX, and Figures 3.8 and 3.9]. As Crassula ovata and 
Portulacaria afra were the only cuttings with their leaves and stems left largely intact at the 
time of planting, the presence of new stem growth and leaves on cuttings are biased towards 
these species. The greatest mean root length in cuttings is associated with the greatest new 
stem growth, as shown in C. ovata and P. afra [Figures 3.7 and 3.9], P. afra being the faster 
grower of the two. Portulacaria afra had overall mean new stem growth of 9.5 cm ± 0.709 
S.E., approximately four times that of C. ovata, with a mean of 2.1 cm ± 0.142 S.E – growth 
rates of 1.9 cm and 0.4 cm per month for five months, respectively. 
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Figure 3.6 Percentage cutting strike of cuttings of all species – overall, and in the various 
rooting media tested. 
 
Figure 3.7 Mean (bars represent ± 1 S.E.) root length on cuttings rooted per species – 
overall, and in the various rooting media tested (n = 40, 20). 
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Rhigozum obovatum, Searsia longispina and Lycium cinereum, showed the best new stem 
growth of the woody species propagated – this is matched by good root growth. A few outlier 
L. cinereum cuttings showed unusually good root and stem growth in Thicket soil [Figures 
3.7 and 3.9]. The rest of the woody species i.e. Azima tetracantha, Carissa bispinosa, 
Grewia robusta, Gymnosporia polyacantha and L. oxycarpum, showed very little or no new 
stem and leaf growth [Figures 3.9 and 3.11]. This is matched by their poor rooting in the 
various media tested. There was no significant difference in the percentage with [Figure 
3.10], or mean number of leaves on cuttings (of all ten species) rooted in the various rooting 
media tested [Appendix 2, Tables X and XI] – with the exception of cuttings rooted in plain 
pool filter sand vs perlite. 
As could be expected, mean root length was significantly correlated with length of new stem 
growth, in all species but Azima tetracantha, Carissa bispinosa and Gymnosporia 
polyacantha, and number of leaves, in all species but A. tetracantha, on cuttings. In C. ovata 
and P. afra, root volume was also correlated with length of new stem growth and number of 
leaves. Once roots have formed, stem and leaf growth is continued, so ensuring that „normal 
metabolism‟ i.e. photosynthesis, nutrient absorption and growth hormone production 
continues (Awang et al. 2009) – essential to continued growth of a healthy, extensive root 
system. 
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Figure 3.8 Percentage of cuttings with new growth per species – overall, and in the various 
rooting media tested. 
 
Figure 3.9 Mean (bars represent ± 1 S.E.) length of new growth on cuttings per species – 
overall, and in the various rooting media tested (n = 40, 20). 
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Figure 3.10 Percentage of cuttings with leaves per species – overall, and in the various 
rooting media tested. 
 
Figure 3.11 Mean (bars represent ± 1 S.E.) number of leaves on cuttings per species – 
overall, and in the various rooting media tested (n = 40, 20).  
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3.4 Discussion  
3.4.1 Hypotheses and objectives 
Hypothesis 1, stating that ‘Succulent species are more easily propagated in terms of cutting 
strike, than woody species’, has been statistically supported, with percentage cutting strike 
and mean root length significantly greater in succulent species than in woody species, in all 
the rooting media tested. The percentage strike of Crassula ovata and Portulacaria afra were 
never below 82%. Rhigozum obovatum, Searsia longispina, Lycium cinereum and L. 
oxycarpum rooted well compared to the other woody species tested, but never achieved as 
high percentage strike as succulent species. 
Objective i), to ‘determine the rooting ability of an additional succulent, as well as eight 
other woody species, for transplantation with Portulacaria afra into Thicket rehabilitation 
sites’, has been achieved. Portulacaria afra and Crassula ovata are both easy-to-root 
succulent species. Lycium cinereum, L. oxycarpum, Rhigozum obovatum and Searsia 
longispina have been identified as woody species that are reasonably easy to root, but 
require special treatment for root formation to occur i.e. the application of rooting hormone; 
adequate watering, not overwatering; shading – even succulent species, that are naturally 
tolerant of full sunlight, prefer 40% shading (Oliver 1993) – and the presence of nutrients in 
the rooting medium once rooting has been initiated. 
Hypothesis 2, stating that ‘Inorganic, sterile propagation media i.e. plain pool filter sand and 
perlite, are better in promoting cutting strike than organic, non-sterile media i.e. potting and 
Thicket soil’, has not been statistically supported. Rhigozum obovatum cuttings did produce 
significantly longer roots when planted in perlite, and Gymnosporia polyacantha only rooted 
in perlite. Pool filter sand was responsible for the only rooted cuttings in Azima tetracantha, 
Carissa bispinosa and Grewia robusta cuttings. This suggests that these species are either 
less resistant to fungal attack, or require more controlled moisture conditions than the other 
species in order to avoid fungal attack and cutting rot. It may also be that the rooting 
hormone applied to the ends of cuttings was washed off and leached out of the soil in the 
more porous media i.e. plain pool filter sand and perlite, and remained on cuttings in the less 
porous media i.e. Thicket and potting soil, or that the rooting hormone applied was of too 
great, or low, a concentration in Thicket and potting soil, and of an ideal concentration (or 
washed out and rendered unnecessary) in plain pool filter sand and perlite. 
Crassula ovata, Lycium cinereum, L. oxycarpum and Portulacaria afra cuttings produced 
significantly longer roots when planted in Thicket soil. Searsia longispina, however, did not 
produce longer roots when planted in Thicket soil. The reverse of Hypothesis 2, that organic, 
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non-sterile media are better at promoting cutting strike than inorganic, non-sterile is, 
therefore, more true for Thicket species that root readily – the exception being Rhigozum 
obovatum. Potting soil did not promote significant cutting strike or root growth in any of the 
species tested, and is not an ideal rooting medium as it often contains weed seeds (pers. 
obs.) and compost, with nutrients and pathogens that encourage cutting rot (Engelbrecht 
1980), if not sterilized prior to use – though its mean field capacity, total porosity and 
aeration porosity were similar to that of vermiculite, which is considered a good rooting 
medium that also contains nutrients i.e. calcium, magnesium and potassium in its structure 
(Chong 2008).  
Objective ii), to ‘determine which propagation medium is best suited for rooting succulent 
and woody species’, has been achieved. All media were found to encourage cutting strike in 
succulent species, as root initiation occurs easily in succulent species. The addition of 
nutrients, as found in Thicket soil, encourages root growth, without causing significant cutting 
rot, provided cuttings are not overwatered. Lycium cinereum and L. oxycarpum achieved 
significantly greater strike in Thicket soil, suggesting that the water-holding capacity, 
nutrients and possible inoculation with soil mycorrhizae, as found in bushclump soils in 
Thicket vegetation (Allsopp et al. 1996), encouraged rooting in these species. 
In the case of Crassula ovata, Hypothesis 3, stating that ‘the application of rooting hormone 
promotes cutting strike and root growth rate in succulent species’, has not been statistically 
supported. Cuttings treated with rooting hormone had a lower strike than cuttings left 
untreated, suggesting that C. ovata does not require the application of rooting hormone to 
obtain a high percentage cutting strike and should be left untreated, as too high 
concentrations of rooting hormone may suppress root formation (Seradix© B No. 3 
Instruction Booklet, Osborn et al. 2008).  
In the case of Portulacaria afra, Hypothesis 3 was also not statistically supported. 
Portulacaria afra cuttings treated with rooting hormone produced the same percentage strike 
as cuttings left untreated. Objective iii), to ‘determine whether the application of rooting 
hormone improves strike and root growth in succulent species’, has been achieved.  
 
3.4.2 Rooting media and rooting hormone 
Most literature on propagation from cuttings is focused on soft- to semi-hardwood cuttings 
grown for horticultural or forestry purposes (Hudson 1997), under intermittent mist and on 
bottom-heated beds or in high-humidity polyethylene propagators (Mésen et al. 1997, 
Ahmad et al. 2010), and in sterile, high-moisture-holding rooting mixes consisting of peat, 
perlite and vermiculite (Relf and Ball 2001, Chong 2008). Softwood cuttings are collected 
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from coppiced stock plants that have been selected based on certain traits, and that are 
well-watered and fertilized – or new spring growth, as cuttings taken from actively growing 
shoot tips are known to root more readily than semi-hardwood and hardwood cuttings 
(Enescu and Enescu 1988, Itoh et al. 2002, Beyl 2008a), particularly when rooted under 
optimal environmental conditions in a controlled propagation environment (Yeboah et al. 
2009, Ahmad et al. 2010). 
In this study, hardwood cuttings were rooted in a glasshouse, and though providing higher 
temperature and humidity conditions than an outdoor propagation area would, hand 
watering, instead of an intermittent mist system with bottom-heated beds, was used in this 
study. The only temperature control was a fan set to operate when temperatures reached 
26°C or above. This study did not provide optimal conditions for rooting, as created for soft- 
and semi-hardwood cuttings in terms of maintaining optimal air and root zone temperatures; 
maintaining high humidity through intermittent mist around the leaves, and using sterile 
rooting media. Rooting was measured for cuttings taken during spring, and rooting during 
spring to autumn (November to April) measured – summer being sufficiently warm to not 
require bottom heat when rooting cutting (Nursery Production Factsheet 2011a).  
Though cutting strike was low, overall, and most likely lower than the strike of hardwood 
Thicket cuttings achieved at the Kouga Rehabilitation Nursery, this study showed that with 
minimal effort and in a „low-tech‟ propagation environment, woody Thicket shrub and tree 
species can be propagated from cuttings. 
Woody species Azima tetracantha, Carissa bispinosa, Grewia robusta and Gymnosporia 
polyacantha all rooted in pool filter sand and in perlite, with only Rhigozum obovatum rooting 
significantly better in perlite. This suggests that sterile media should be used when rooting 
these species, with the later addition of nutrients once root initiation has occurred. Perlite 
meets most of the requirements of a good rooting medium i.e. it is firm enough to hold the 
cutting still and upright during rooting; does not shrink when drying out or break down during 
use; is aired and drained efficiently; is weed, pest and disease free; is easily penetrated by 
roots; can be sterilized using steam, and is uniform and light weight (Richards et al. 1964, 
Relf and Ball 2001, Preece and Read 2005, Venter and Venter 2007, Ruter 2008). Its only 
shortcomings are that it is expensive, and it does not provide nutrients for plant growth – this 
can be remedied by the application of liquid fertilizer, or a hydroponic nutrient solution such 
as Chemicult® Hydroponic Nutrient Solution (Chemicult Products  (Pty) Ltd.) or Hoagland‟s 
Solution (Hoagland and Arnon 1938). The use of nutrient mist or controlled-release fertilizers 
does not promote root primordia initiation, but improves root development after root initiation 
(Chen et al. 2003).  
92 
 
The percentage field capacities obtained in this study were higher compared to those 
recorded in another study (Chong 2008) for sand (27% vs 13%), perlite (236% vs 24%) and 
bark (35% vs 32%). This suggests that materials used in this study did not perform as 
expected with regards to their water-retention capabilities. Pumice, a material similar to 
perlite and with a similar water-holding capacity (32%), has been found to increase the water 
retention capacity of soil, when added to soil in a 1:1 ratio, by weight (Özhan et al. 2008). 
This was tested in soil textural classes ranging from loamy sand to clay, suggesting that the 
addition of pumice to agricultural soil may improve its water-holding capacity, and so benefit 
the survival of plants (Özhan et al. 2008). Like pumice, perlite is often added to rooting mixes 
to improve water retention, aeration and drainage. 
It was assumed that the fine clay particles, leading to low aeration (2%), and high moisture 
retention (22%) in Thicket soil, would encourage cutting rot due to fungal growth. Aeration 
porosity below 10% has been found to cause reduced plant growth (Meyer and Cunliffe 
2004), with up to 45% aeration porosity recommended for plants grown under greenhouse 
conditions (Nursery Production Factsheet 2011). Both Thicket and potting soil encouraged 
fungal growth on cuttings, as well as moss and weed growth in the rooting medium. Despite 
a high percentage of cutting death, Thicket soil was best at promoting cutting strike in three 
of the eight woody species tested i.e. Lycium cinereum, Lycium oxycarpum and Searsia 
longispina. This is most likely due to inoculation of the soil with favourable mycorrhizae, as 
well as the nutrients and organic matter present in Thicket soil. The only way to prove the 
presence of mycorrhizal associations with roots, however, is through dissection and 
examination under a microscope (St. John 1996), particularly where families other than 
Family Fabaceae, known for its nitrogen-fixing mycorrhizal associations, are concerned. 
The more sterile media i.e. plain pool filter sand and perlite also had a high percentage of 
cutting death due to fungal growth. Green algal growth, as well as fungal growth, was 
observed in perlite. This was most likely due to the high field capacity of perlite, rather than 
the presence of nutrients, as perlite contains no nutrients (Chong 2008). This suggests that 
overwatering of the media, leading to poor aeration, oxygen depletion and cutting rot 
(Shiembo et al. 1996), combined with the ineffectiveness of the fungicide used, contributed 
mostly to cutting rot, rather than high organic content and nutrient levels in the soil.  
Filling propagation containers up to half full with gravel, or another coarse medium, was 
once considered to improve drainage of the growing medium (Gillman 2008). In practice, 
however, water flow is obstructed when moving from the finer growing medium to a coarser 
medium, instead remaining in the growing medium for longer and reducingthe depth of the 
container (Gillman 2008). Cutting trays were lined with a thin layer of 10 mm diameter gravel 
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in this experiment, not so much to improve drainage, but to prevent the growing media 
leaking out the large pores at the base of trays during hand watering. The same treatment 
was applied to the smaller seedling trays. It is, therefore, unlikely that the presence of gravel 
at the base of trays affected cutting strike, or led to overwatering of propagation trays.  
Ofori et al. (1996), in their study of the effects of auxin (IBA) concentration, rooting medium 
and leaf area on the rooting of leafy cuttings of tropical forest species Milicia excelsa, in a 
non-mist propagation system – found that the addition of composted sawdust to coarse sand 
improved the moisture holding capacity of the rooting medium by 72%, without 
compromising the aeration provided by coarse sand. Fine and coarse sand media, without 
the addition of sawdust and with low volumetric moisture contents, produced cuttings with 
low root mass and percentage rooting – most likely due to cuttings maintaining low values of 
foliar relative water content during rooting (Ofori et al. 1996). A higher mean number of roots 
per rooted cutting were observed in media that maintained high volumetric moisture 
contents, and so allowed increased foliar relative water content i.e. direct absorption of 
moisture by non-rooted cuttings (Ofori et al. 1996). When propagating drought-sensitive 
species, rooting media with high moisture holding capacities (greater than 24%) will reduce 
the occurrence of high moisture deficits, as associated with the initial physiological shock of 
making and planting cuttings, which may lead to leaf abscission and cutting death (Ofori et 
al. 1996). Similar results were achieved by Soundy et al. (2008), who found that hormone-
treated softwood cuttings, particularly basal cuttings, of Lippia javanica L. grown in a mist 
bed system showed better performance in terms of root length and number, and retained 
more leaves when rooted in composted pine bark, compared to sand – most likely due the 
higher moisture holding capacity of bark.  
These studies suggest that the addition of composted bark to Thicket soil, to increase 
aeration porosity and lower moisture retention, will benefit rooting of Thicket species that 
readily root in Thicket soil i.e. Crassula ovata, Lycium cinereum, L. oxycarpum, Portulacaria 
afra and S. longispina, and promote rooting of Thicket species that normally root better in 
more sterile media i.e. Rhigozum obovatum and Grewia robusta. Araya (2005) also found 
that, though there was no significant difference in the percentage cutting strike of Athrixia 
phylicoides DC. (bush tea) rooted in pine bark vs sand, percentage strike, root length and 
number were higher in cuttings taken from the apical vs basal meristem and rooted in bark. 
Bark produced a finer, more branched root system with more and longer roots, which leads 
to greater cutting survival during transplantation (Araya 2005). Sand produces coarser and 
more brittle roots, making it more vulnerable during transplantation (Araya 2005). The 
aeration provided by bark may also improve the strength, succulence, branching, fungal- and 
disease-resistance in the roots of cuttings rooted in Thicket soil (Ingram et al. 1993, Bish et 
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al. 1997). Bark will also make it a coarser medium, which is better suited to manual watering 
(Chong 2008).  
The greater water-holding capacity of bark enhances the uptake and efficiency of rooting 
hormone (Araya 2005), as rooting hormone is taken up directly from stems (De Klerk et al. 
1999). Rooting media with greater water-holding capacity should, therefore, improve the 
action of rooting hormone on cuttings. Rooting hormone produces more uniform root 
production (Ruter 2008), as seen in cuttings treated with Seradix© No. 2 rooting hormone, 
compared to those left untreated, and cutting strike was greater in cuttings taken in spring 
and autumn, compared to summer and winter (Araya 2005). Optimal rooting i.e. the 
production of many, long roots, greatly improves cuttings survival of transplantation (Araya 
2005).  
Vitellaria paradoxa cuttings leached in water for 24 hours, showed no rooting, as leaching 
removes auxin, phenols, carbohydrates and nutrients, all of which increase rooting success 
(Yeboah et al. 2009a). The use of rice husks, which should show similar physical properties 
as bark or peat i.e. good aeration, water retention and temperature regulation, and treatment 
with Seradix© No. 3 rooting hormone, produced greater cutting strike and longer roots, than 
sandy loam and a mixture of one part sand to one part sandy loam (Yeboah et al. 2009a).  
It cannot be assumed that a higher concentration of auxin used will produce greater cutting 
strike, as herbaceous cuttings are often damaged by the higher concentration of auxin 
required for woody species (Osborn et al. 2008). Also, cuttings that root easily without the 
application of rooting hormone may either be unaffected or negatively affected by the 
presence of exogenous rooting hormone, as seen in Chenopodium quinoa Willd. (quinoa) 
shoots, which showed lower strike and greater leaf abscission in the presence of gibberellic 
acid, benzyladenine and NAA when grown in vitro – though to be due to the unwanted 
stimulation of the production of ethylene gas by auxins (Burnouf-Radosevicha and 
Paupardin 1985).  
This may have been what created lower strike in the rooting hormone-treated vs untreated 
Crassula ovata cuttings – too great a concentration of hormone powder present on cuttings. 
Rooting percentage, root length and the quality of shoots produced increases with an 
increase in IBA concentration in Olea europaea L. cv. „Moraiolo‟ microcuttings grown in vitro 
(Ali et al. 2009). Concentrations greater than optimal percentage i.e. 1.5 mg ℓ-1 has an 
inhibitory effect on rooting (Ali et al. 2009). It may also have been that the pH of pool filter 
sand was unsuitable, as lower concentrations of IBA are more effective at lower than higher 
pH (Ludwig-Müller 2003) – though washed pool filter sand is assumed to have a neutral pH. 
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In their study of the effects of cutting position, rooting medium and hormone application in 
the African medicinal plant, Lippia javanica L., Soundy et al. (2008) found that the application 
of Seradix© No. 2 (0.3% IBA) created softwood cuttings, both apical and basal in origin, with 
greater fresh mass and root number, than cuttings not treated with rooting hormone. 
Cuttings were, however, grown in a mist bed system vs manual watering used in this 
experiment, which may produce different results. The application of a lower-strength rooting 
hormone, such as Seradix© No. 2, could, however, be tested in rooting C. ovata – though 
high percentage strike is achieved even without the application of rooting hormone.  
Shoot growth causes root growth to suffer (Mésen et al. 1997). Sawdust had a higher water 
content (54%) than sand (18%) and gravel (5%), and sawdust (30%) and gravel (31%) had 
higher air contents than sand (6%) (Mésen et al. 1997). High water and air content are 
sought-after qualities in rooting media, with rooting of forest tree species Cordia alliodora 
(Ruiz & Pavon) Oken never below 75% (Mésen et al. 1997). In a similar study, Shiembo et 
al. 1996 recorded greatest rooting in fine sand and sawdust, which had high water contents. 
High water content can present a barrier to oxygen diffusion into cuttings, which leads to 
anoxia and rotting of the cutting base – as seen in greater percentage rooting, root number 
photosynthetic rate and stomatal conductance in cuttings rooted in sand and gravel vs pure 
sawdust (Shiembo et al. 1996). It may also be, however, that the water requirement for 
rooting is species-specific. In the case of Thicket species, with a low water requirement for 
growth, the presence of a well-aerated, more freely drained medium at the cost of a high 
water-retention capacity may reduce cutting rot.  
The highest percentage rooting of Irvinga gabonensis Baili. (bush mango) was recorded in 
fine sand and sawdust rooting media, and highest root number in sawdust (Shiembo et al. 
1996). IBA caused faster rooting at concentrations of 200 and 250 µg IBA, but IBA 
application had no significant effect on percentage rooting or number of roots (Shiembo et al. 
1996). A high optimum leaf area of 80 cm2 achieved the highest percentage rooting, but this 
is likely to decrease with increasing irradiance (Shiembo et al. 1996), as increased irradiance 
causes increased photosynthetic rate, which may put strain on root growth if leaf area to 
large. Shading to reduce the incidence of photosynthetically active radiation (PAR) and to 
maintain optimal photosynthesis and vapour pressure deficit in leaves, are also 
recommended (Mésen et al. 1997). 
Auxin did not improve rooting success in Allanblackia floribunda Oliv. cuttings (Atangana et 
al. 2006). Best rooting in this study was achieved in sand at 69% vs 1:1 sand and sawdust 
mix, but in this treatment there few roots developed, suggesting that it is a difficult-to-root 
species, or is more slow to root than other tropical forest species. This result contrasts with 
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that of Shiembo et al. (1996) where sawdust was the best medium, but is similar to Mésen et 
al. (1997) where sand and gravel achieved best rooting percentage. The suitability of a 
rooting medium is said to be related to the water requirements of the species, with moisture-
loving i.e. hydromorphic species rooting best in high moisture-holding media, and drought-
loving i.e. xeromorphic (Atangana et al. 2006, Iglesias-Díaz et al. 2009) – if this is true, 
Thicket species should root best in drier media. Thicket soil did show the lowest field 
capacity and lowest total porosity, though low aeration porosity is detrimental and 
encourages rot – overwatering is therefore most dangerous factor in rooting Thicket species. 
Thicket soil with amendment to increase aeration porosity e.g. addition of coarse bark (red 
soil, river sand and bark, as used at Kouga Rehabilitation Nursery), peat or perlite. Gravel 
will make the medium heavier, which is undesirable in terms of transport. 
The addition of 15 to 25% by volume of coarse sand or fine gravel aids in keeping nursery 
containers upright, by increasing the weight of the propagation substrate (Ingram et al. 
1993). The addition of bark to adjust aeration porosity to a suitable 25% depends on the 
coarseness of bark used, coarser particles being needed in smaller amounts than finer 
particles, up to 60% of medium (Ingram et al. 1993). 
The presence of indolebutyric acid in Seradix© No. 3 is reported to increase indole-acetic 
acid levels in stem cuttings, which leads to cell division and rooting (Hartmann et al. 1997). 
High concentrations of fungicide inhibit the efficiency of auxin when rooting cuttings (Yeboah 
et al. 2010). The presence of copper has been found to inhibit rooting through reduced 
apical meristematic activity, leading to the loss of leaves, which in turn leads to reduced 
resources available for rooting (Yeboah et al. 2010). Efekto Virikop©, which is the copper-
based fungicide used in this study, may, therefore, have suppressed root formation in 
cuttings. Instead, manganese (Mn) and zink (Zn)-based fungicides, such as Dithane M4 
(16% zinc, 3% manganese and ethylene), encourage root formation, as manganese and 
zink are essential to root formation (Yeboah et al. 2010). Yeboah et al. (2010) found that the 
combination of 8000 ppm Seradix© B No. 3 rooting hormone and spraying with 3000 ppm 
Dithane M45, produced Vitellaria paradoxa cuttings with the greatest number and length of 
roots.  
An increase in rooting percentage and number of roots was found in stem cuttings of the 
forest tree Cordia alliodora (Ruiz & Pavon) Oken with an increase in IBA concentration, up to 
2%, rooted in a non-mist polyethelene propagator and planted in sand (Mésen et al. 1997). 
Coarse roots are thought to be able to store more water, carbohydrates and nutrients, and 
provide better anchorage, by being able to penetrate hard soil deeper – and so survive 
drought stress better (Awang et al. 2009). Portulacaria afra, Crassula ovata, Rhigozum 
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obovatum, Searsia longispina and Grewia robusta all produces coarse roots, with Lycium 
cinereum and L. oxycarpum producing finer, but many and much-branched roots – which 
has a greater absorption surface, which leads to faster root and shoot growth (Awang et al. 
2009). Greater root length and volume have been shown to increase transplanted forest 
species seedlings‟ chance of survival (Awang et al. 2009). 
In the case of Grevillea and Protea species cultivated in vitro for the cut-flower industry, it 
was found that high peroxidase activity, peroxidase being a catalyst enzyme in lignification 
associated with sealing the cutting wound, correlated with a lower ability to form adventitious 
roots (Ludwig-Müller 2003). This led to the hypothesis that peroxidase activity associated 
with certain phases of root formation, leads to the degradation of auxins (Ludwig-Müller 
2003). Species considered to be difficult to root formed less auxin, and absorbed auxin more 
slowly (Ludwig-Müller 2003) – this may well be the case in difficult-to-root Thicket species. 
Even after extensive investigation, however, it may be found that there is „no universal or 
ideal rooting medium for cuttings because the requirements depend on the species, type of 
cutting, season and propagation system‟ (Iglesias-Díaz et al. 2009). 
3.4.3 Suitability of species for propagation for rehabilitation purposes 
Azima tetracantha is a cosmopolitan species, occurring throughout central to southern 
Africa, Arabia, Madagascar, India and Malaysia, and is of medicinal and horticultural use 
(Dold 2006). Its spinescence and scandent growth habit make it an ideal hedge plant, or 
„living fence‟, as used in India (Howes 1946), where it spreads via coppicing and 
underground runners (Dold 2006), and is said to grow easily in all soil types (Howes 1946). 
Underground runners, or ramets, of A. tetracantha, have also been observed in Thicket 
(Midgley and Cowling 1993).  
Though its edible white berries are readily browsed by livestock, Azima tetracantha is a 
pioneer species associated with bush encroachment in certain parts of South Africa (Dold 
2006). It increases in abundance due to overgrazing and the Department of Agriculture 
recommends its removal (Dold 2006). According to Dold (2006), A. tetracantha can be 
propagated from seed and cuttings, though very low cutting strike was observed in this 
study, as well as previous efforts by the Kouga Rehabilitation Nursery (Mike Powell pers. 
comm.). Its seeds germinate readily and the plant is frost and drought-resistant (Carr 1994). 
Weatherall-Thomas (2009) found A. tetracantha seedlings in Albany and Gamtoos Thicket 
sites, an indication that A. tetracantha does recruit from seed, though to a very limited 
extent.  In terms of rehabilitation – the spinescent and straggling growth habit of this species 
may make it a good nurse plant for Portulacaria afra seedlings or cuttings, and its fruits may 
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encourage birds and insects to visit rehabilitation sites. Not all southern African A. 
tetracantha plants are spinescent, however, with female plants having long spines and male 
plants lacking or having poorly developed spines (Dold 2006). Azima tetracantha, like other 
long shoot species exposed to herbivory, has a higher nutrient and crude protein content 
than short shoot species e.g. Gymnosporia polyacantha, and, despite its high fibre content, 
another herbivory-deterrent, black rhinoceros in the Great Fish River Reserve regularly 
browse on A. tetracantha (Ganqa and Scogings 2007). 
Sigwela et al. (2009) found a mean of 4 Azima tetracantha seedlings ha-1 in intact Thicket 
and 1.3 seedlings ha-1 in degraded Thicket, in beneath-canopy microsites, an indication that 
A. tetracantha is able to recruit from seed in intact, as well as disturbed sites. Its association 
with bush encroachment, however, suggests that the persistence and spread of this species 
in an overgrazed landscape renders its reintroduction via rehabilitation unnecessary, and ill-
advised. 
Carissa bispinosa is used as an ornamental hedge plant for its spinescence; attractive white, 
perfumed flowers; bright red edible fruits, and dense, impenetrable growth habit (Bester 
2004). Like Carissa macrocarpa (Eckl.) A.DC., it is a fast-growing and fairly drought-tolerant 
species, with a dislike of frost (Pienaar 1993, Carr 1994, Joffe 2001, Bester 2004, Venter 
and Venter 2007), though it appears to prefer well-watered, shaded positions (Carr 1994). 
According to Bester (2004), C. bispinosa is easily propagated from seed. Carissa 
macrocarpa is also easily propagated from seed, cuttings and ground layers (Venter and 
Venter 2007) – the easy propagation of C. bispinosa from cuttings and ground layers is, 
therefore, plausible. Very low cutting strike was achieved in this study, however, as well as 
at the Kouga Rehabilitation Nursery (Mike Powell pers. comm.). 
In terms of rehabilitation – Carissa bispinosa will attract insects, birds and monkeys with its 
flowers and highly palatable fruits (Bester 2004) and form an impenetrable fence around 
Portulacaria afra truncheons. Established C. bispinosa plants prefer light, well-composted 
and well-drained soil for optimal growth (Joffe 2001, Bester 2004), which is uncharacteristic 
of degraded Thicket sites. If plants are present at rehabilitation sites, the horizontal spread of 
C. bispinosa could be encouraged by pegging stems down to the ground to encourage 
rooting along the nodes, as is done during ground layering (Venter and Venter 2007).  
Crassula ovata is a popular ornamental shrub, cultivated both nationally and internationally 
(Malan and Notten 2005). It is evergreen, with succulent stems and leaves, and bears many 
light pink, star-shaped, sweetly scented flowers in winter (Malan and Notten 2005). Its 
flowers attract a variety of insects and its leaves are eaten by tortoises (Malan and Notten 
2005). Like Aloe arborescens Mill. and Portulacaria afra, it can be used as a fire-resistant 
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hedge, by planting cuttings greater than 30 cm in length, 50 to 100 cm apart, and broken-off 
leaves and stems  sprout roots and grow where they fall (Van Jaarsveld 2010). 
Crassula ovata is also a fast-growing species (Joffe 2001) – though Van Jaarsveld (2010) 
only mentions a slow to medium growth rate when planted as an ornamental shrub – and 
can be grown from seed, which are powder-fine and, therefore, best avoided, as well as 
stem and leaf cuttings (Malan and Notten 2005). Leaf cuttings are made by allowing leaf tips 
to dry out, before leaves are rooted above or planted into well-drained, coarse river sand 
(Nichols 2005). A medium of half peat: half perlite also works well for rooting leaf cuttings 
(Beyl 2008b). Propagation from stem cuttings, however, produces the largest plants in the 
shortest amount of time. Cuttings are best propagated in summer, when rooting is optimal 
(Malan and Notten 2005) – this propagation study was started in early summer, with rooting 
occurring throughout summer to early autumn. Cuttings are also sensitive to overwatering 
and rot easily (Malan and Notten 2005), easier than Portulacaria afra cuttings, as seen in 
this study. Well-drained, well-composted soil should be used to grow cuttings (Malan and 
Notten 2005) and the propagation environment should be shady and well-ventilated (Oliver 
1993).  
Nichols (2005) emphasises the importance of establishing the light, soil and drainage 
requirements of Crassulaceae species in their natural habitats, in order to replicate it in the 
propagation environment. He suggests removing soil and stones from their natural habitat in 
order to inoculate the propagation medium. This suggests that adding Thicket soil to the 
growing medium will promote rooting and growth – though in this study, greatest root length 
was observed in Crassula ovata cuttings rooted in Thicket soil, lowest strike was achieved in 
Thicket soil (82%), and best strike in pool filter sand (98, albeit a very slight difference. A 
recommended rooting and growing medium for Crassula species, however, consists of four 
parts fine river sand, to four parts coarse river sand, to one part sieved, well-rotted compost 
to one part perlite, to one part vermiculite (Oliver 1993) – a medium that should provide 
adequate drainage and aeration during root initiation, and sufficient nutrients and moisture 
for root and cutting growth. 
Its succulent stem, roots and leaves, as well as Crassulacean Acid Metabolism (CAM), 
makes Crassula ovata a very drought-tolerant plant (Malan and Notten 2005), and a suitable 
candidate for propagation and re-introduction during rehabilitation – provided that cutting 
ends are well-dried out prior to planting, in a well-drained medium and not overwatered. 
Cutting strike is almost as high as that of Portulacaria afra, as shown in this study, and the 
fact that it „disappears rapidly with the Spekboom when (Spekboomveld) is overgrazed‟ (Vlok 
and Euston-Brown 2002), makes it reintroduction during rehabilitation just as important. 
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Grewia robusta seedlings have been found growing in open ground in degraded Sundays 
Thicket and Spekboomveld sites (Sigwela et al. 2009), suggesting that this is a very robust 
species considering that most seedlings in Thicket, degraded or intact, are found under the 
cool, shaded and moist canopy. Coates Palgrave (2002) states that G. robusta is „easily 
cultivated‟, assumedly from seed, but it is a slow grower (Van Jaarsveld 2010). As 
propagation from cuttings is not mentioned in the literature for this species, it appears that 
propagation from seed is the most effective propagation method for this species – though 
the cutting strike achieved in this study, albeit low (4%) and in a sterile, well-drained medium 
of pool filter sand, suggests that G. robusta may be a good species for propagation and 
introduction during rehabilitation. Plants grown from thick (>1 cm in diameter) hardwood 
cuttings have been sourced from the Kouga Rehabilitation Nursery, and as it is a very hardy 
species, its survivorship when planted into rehabilitation sites should be tested. Grewia 
robusta has also been found to be a good soil-binder (Mike Powell pers. comm.), and bears 
many edible fruits which should encourage birds to visit rehabilitation sites. 
A species related to Grewia robusta, Grewia occidentalis L., is a fast-growing, semi-climbing 
shrub or small tree, which is an evergreen, given sheltered positions provided by 
surrounding trees (Joffe 2001, Thomas and Grant 2004). Its four-lobed, berry-like fruits are 
eaten by birds. Its leaves are eaten by insects, especially butterfly larvae, as well as being 
browsed by domestic stock and game (Joffe 2001). Grewia occidentalis is easily propagated 
from fresh seed, which germinate easily (Joffe 2001, Thomas and Grant 2004). It is said that 
seed partially digested by monkeys and baboons germinate even better than fresh seed, 
most likely due to chemical scarification via their gut weakening the seed coat (Turner 2008). 
Best germination results are achieved by sowing seeds at the beginning of the new growing 
season (Nichols 2005), in a mixture of five parts river sand to one part compost (Venter and 
Venter 2007). Germination starts within two to three weeks (Nichols 2005), and up to 70 to 
80% germination can be expected (Venter and Venter 2007). Seedlings of G. occidentalis 
were observed in Buffels and Gamtoos Thicket vegetation, a mean 8 seedlings m-2 
underneath the canopy and towards the edge of bushclumps, and seedlings came up from 
the germinable seedbank (Weatherall-Thomas 2009) – though no Grewia robusta seedlings 
were found. Grewia occidentalis does recruit from seed, therefore, though in wetter Thicket 
vegetation types and in the sheltered microsites found in bushclumps.  
Young plants are fast-growing and are easy to transplant, provided they are planted in well-
composted soil and watered regularly, particularly in summer (Joffe 2001). Grewia 
occidentalis is both frost and drought-resistant (Carr 1994, Thomas and Grant 2004), and 
grows at a rate of up to 1.5 m per year for the first three to five years, slowing down to 1 m 
per year (Venter and Venter 2007). Planted into a rehabilitation site, Grewia occidentalis 
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may not survive as well as G. robusta, as it is usually found growing in and around other 
Thicket species in the cool, shaded and wetter environment of bushclumps, rather than 
alone and in full sun, like specimens of G. robusta seen at Krompoort (pers. obs.). 
Herbivory of Grewia occidentalis by eland and, to a lesser extent, domestic goats, is reduced 
by „skirted‟ shrub species, such as Searsia longispina, Searsia pallens, Gymnosporia 
heterophylla, Ehretia rigida, Scutia myrtina, Diospyros lycioides and Olea europaea in 
Acocks‟ Eastern Cape False Thornveld vegetation (Watson and Brown 2000). Greater 
seedling density and fruit production was also observed in G. occidentalis plants protected 
by „skirted‟ shrubs (Watson and Brown 2000) – suggesting that G. occidentalis, if planted in 
rehabilitation efforts, should be planted in remnant bushclumps with an intact „skirt‟, where 
seed dispersal and germination is facilitated by a suitable microclimate, and with the 
exclusion of herbivory. 
Gymnospira polyacantha has mainly vegetative spread from rhizomes, particularly on the 
winter-frost-ridden Highveld, where frost affects the viability of fruits (Carr 1994). Plants can 
be propagated from these rhizomes, or underground runners, and are frost and drought-
resistant (Carr 1994). Very low strike was achieved for G. polyacantha in this study, making 
it a species unsuitable for propagation for rehabilitation. A related species, Gymnosporia 
buxifolia (L.) Szyszyl. (common spike-thorn), also bears masses of white flowers that attract 
bees and other insects, followed by bright orange fruits that attract birds (Johnson and 
Johnson 2002). Like G. polyacantha, G. buxifolia also occurs in Sundays Thicket (Hoare et 
al. 2006). With its large thorns, it makes an impenetrable hedge, and its suggested method 
of propagation is from seed (Johnson and Johnson 2002). Gymnosporia buxifolia shrubs are 
said to grow 50 cm a year (Johnson and Johnson 2002). As these species spread from 
rhizomes, the survival of rhizomes, or suckers that have grown from rhizomes, could be 
tested in the field. 
Lycium cinereum and Lycium oxycarpum are both spinescent and drought-tolerant species, 
with bright orange to red edible fruits that are highly sought after by birds (Coates Palgrave 
2002). Lycium cinereum and L. oxycarpum have the highly recurved branch system or 
„deurmekaarbossie‟-type growth typical of Sundays Thicket shrubs (Vlok and Euston-Brown 
2002). Lycium cinereum and L. oxycarpum both grow to the size of large shrubs, 2 to 4 m 
tall, L. oxycarpum having sprawling, sparsely leaved-branches (Coates Palgrave 2002) and 
a medium growth rate (Van Jaarsveld 2010). Lycium species are known to root easily, as 
seen at the Kouga Rehabilitation Nursery (Victoria Wilman pers. comm.), and like Solanum 
species, are easily propagated from soft tip and semi-hardwood stem cuttings (Nichols 
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2005). Semi-hardwood to hardwood cuttings were used in this study, with high percentage 
strike (18%) achieved in cuttings planted in Thicket soil, perlite and plain pool filter sand.  
Lycium species have been seen to serve as nurse plants for Portulacaria afra seedlings, with 
seedlings planted on the periphery of bushclumps underneath spinescent shrubs surviving 
better than seedlings planted in the open or underneath the canopy of P. afra (De Ridder 
2006). Very few Lycium ferocissimum seedlings were recorded underneath shrubs and few 
seeds were present in the seedbank in Strandveld Succulent Karoo vegetation, though L. 
ferocissimum was present in the above-ground vegetation (De Villiers et al. 2000). 
Weatherall-Thomas (2009) found a mean of 8 seedlings m-2 of L. ferocissimum in open 
patches in Xeric Kaffrarian Thicket, in the germinable seedbank. Lycium species are, 
therefore, underrepresented in the seedbank and recruitment of this species in degraded 
Thicket sites will be practically non-existent, and their return should be facilitated through 
planting of well-established cuttings with P. afra. 
Portulacaria afra is an evergreen shrub, with succulent leaves and stems (Hankey 2002). It 
is fast-growing, an effective soil binder (Joffe 2001) and has been described as „a driver of 
soil nutrient status‟ (Powell 2009), due to its high leaf litter production and fine, shallow roots. 
It bears small clusters of star-shaped, pink flowers, the nectar of which attracts insects, such 
as bees, and birds (Joffe 2001, Hankey 2002). Insect larvae and tortoises feed on the leaves 
(Joffe 2001). As evident from the degree to which Spekboomveld has been over-utilized 
through farming with domestic stock, it is an extremely valuable fodder plant for stock, as 
well as game species (Joffe 2001, Hankey 2002).  
Portulacaria afra only flowers prolifically after good summer rainfall (Mills et al. 2010). It can 
be propagated from seed, sown lightly on a well-drained medium and kept in a warm, high 
light area (Nichols 2005). Seeds clearly have specific germination requirements, however, or 
fruits must be harvested when just-ripened i.e. falling from parent plants, as only 1% 
germination was achieved in seed collected from the wild and sown in the laboratory (De 
Ridder 2006). Many seedlings have been observed in the wild, where they germinate around 
parent plants, but seedlings show very low survival when planted in open patches between 
Thicket clumps, due to high temperatures, low moisture and trampling by browsers (De 
Ridder 2006). Similarly, seedlings planted underneath the Thicket canopy are outcompeted 
by large shrubs, and survive best when planted on the periphery of Thicket clumps, where 
competition for light and moisture is reduced, but seedlings are still offered protection by 
spinescent shrubs (De Ridder 2006). Portulacaria afra seedlings survive best when planted 
in moderately dense bush, housing indigenous browsers, under the canopy of Lycium 
species (16% survival), compared to the edge of clumps underneath P. afra (5%), or 
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underneath a closed canopy of P. afra (1%) – though seedlings could not be found in Thicket 
clumps four years after planting, or were practically non-existent. Reintroduction of P. afra 
via seedlings is not viable, therefore, as it is for most woody Thicket species.  
In a study of various Portulacaria afra populations, gynodioecy, the presence of bisexual 
flowers on some plants and single-sex flowers on others, was found to occur in equal 
proportions in the populations studied, with female plants producing much viable seed vs low 
seed production in bisexual flowers (Venter et al. 1993). As P. afra is more dependent on 
vegetative spread than sexual reproduction i.e. seedlings, and seedling have very specific 
germination and survival requirements (De Ridder 2006), it is unlikely that this will hamper 
future survival of the species (Venter et al. 1993). 
Like most plants, and especially succulents, Portulacaria afra is best grown in conditions that 
mimic its natural growth conditions i.e. warm and dry areas (Nichols 2005). Its natural 
tendency towards horizontal, vegetative spread (Hankey 2002) makes it an ideal candidate 
for propagation via cuttings – much faster and effective than growing it from seed. Cuttings 
can made by direct planting of truncheons, or rooted cuttings made by leaving cut stems to 
dry out for a few days in a cool, shaded area before being planted in washed river sand and 
kept in a shaded area until rooted (Hankey 2002). As for most succulents, it is important that 
cuttings are kept reasonably dry, as cuttings rot easily. Rooted cuttings should be ready to 
be planted out within four to six weeks (Hankey 2002). As seen in this study, and as 
expected, cutting strike is very high in P. afra cuttings with 97% strike overall, and 100% in 
potting and Thicket soil, which contain some organic matter and nutrients to maintain 
moisture and encourage root growth.  
Survivorship of field plantings of Portulacaria afra after three years has been as low as 36% 
± 2.7, with truncheons planted upright (at 53% ± 1.65 vs 34% ± 1.56 survival when planted 
horizontally), at a higher planting density (1.44 vs 0.72 truncheons m-2), and with micro-
damming around truncheons i.e. a dug-out hollow to collect run-off, surviving best (Powell 
2009). Survivorship of truncheons also dropped between one year and three years after 
planting (Powell 2009) – this change in survivorship, as well as proper fencing to keep out 
baboons and kudu‟s that knock over truncheons (Powell 2009), should be considered when 
planting for rehabilitation purposes. Truncheons were planted to a depth of 15 cm, after two 
days of drying in the shade (Powell 2009) – truncheons may have benefitted from being left 
to dry for longer, in order to discourage fungal infection once watered. Micro-damming 
around planting holes significantly increased survival in truncheons planted upright, but 
reduced survival in truncheons laid flat (Powell 2009). Low survival of truncheons planted 
horizontally is not surprising, as natural P. afra offshoots, forming a horizontally-growing 
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„skirt‟, are usually found in undisturbed Spekboom-rich Thicket (Mills et al. 2010), where a 
suitable microclimate exists for rooting. At the seedling stage, P. afra also shows horizontal 
spread, vertical growth being normally observed in cuttings, truncheons and in certain 
genotypes, such as berg spekboom planted at the Farm Krompoort (Mills and Cowling 
2006). Smaller truncheons with a 2 cm stem diameter showed greater survival when planted 
flat than larger truncheons with a 4 cm stem diameter, though larger truncheons showed 
better survival in combination with being planted upright, with micro-damming and planted at 
a higher density (Powell 2009). This is true for severely degraded areas planted up with P. 
afra truncheons in the Baviaanskloof Megareserve i.e. flat areas with clayey, compacted soil 
and no litter layer (Powell 2009).  
Rhigozum obovatum is a very drought-tolerant, greyish shrub that bears large, attractive 
yellow flowers after rains (Carr 1994, Harris 2003). Its flowers attract bees, and its leaves, 
flowers and fruits are browsed by game and stock (Joffe 2001, Harris 2003). It is often found 
on dry, rocky slopes, but enjoys well-drained, well-composted soil when planted in the 
garden (Joffe 2001, Harris 2003). R. obovatum grows up to 4 m tall, but remains 
approximately 1 m in height where it is browsed (Venter and Venter 2007).  
Literature only mentions propagation from seed, not cuttings, for Rhigozum obovatum. 
Nichols (2005) states that most Family Bignoniaceae species can be propagated from soft 
tip and semi-hardwood cuttings, or hardwood cuttings for tree species, taken at the 
beginning of the growing season. Seed should be collected fresh and ripe and sown in the 
late spring to late autumn (Harris 2003, Nichols 2005). Venter and Venter (2007) suggest 
sowing seed in early spring, in a mixture of 8 parts sand to 1 part compost. Germination 
occurs within seven days, and the germination rate is very high (Venter and Venter 2007). 
Germination rates of 8 to 44% within 4 to 20 days after sowing have been recorded (Carr 
1994). Seedlings can be planted out after 3 months, if trays are kept warm and well-watered 
(Harris 2003). Initial growth is slow, but moderately fast once plants become established 
(Joffe 2001), and young plants tolerate cold, heat and drought very well (Venter and Venter 
2007). 
As Rhigozum obovatum is a very drought-tolerant plant, has a natural tendency to persist in 
degraded Thicket and reasonably high cutting strike (24% overall) and good root growth was 
achieved in this study, using „sterile‟ media plain pool filter sand and perlite (60%), it is a 
good candidate species for propagation and planting during rehabilitation. 
As in the Thicket biome – where Midgley and Cowling (1993) found one Searsia longispina 
seedling in one of 15 plots with adult S. longispina plants present, very few S. longispina 
seedlings were recorded underneath shrubs and few seeds were present in the seedbank in 
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Strandveld Succulent Karoo vegetation, though S. longispina was present in the above-
ground vegetation (De Villiers et al. 2000). Other Searsia species have shown low 
germination, despite trees producing copious amounts of fruits across species, with 
germination occurring within two weeks or up to several months (Carr 1994). Cleaning of 
fruits to promote germination is recommended (Carr 1994), with fruit most likely containing 
germination inhibitors. Species are drought and frost-tolerant across Southern Africa, though 
seedlings of Searsia species have shown low survival due to overwatering (Carr 1994). 
Another close relative with a similar growth habit to Searsia longispina, is the rare Rhus 
aromatica Aiton found in eastern North American dry deciduous forest (Nantel and Gagnon 
1999). It grows into dense thickets by layering and sprouting, with tough seeds that require 
stratification and scarification to germinate (Nantel and Gagnon 1999). As in Thicket 
vegetation (Midgley and Cowling 1993), R. aromatica seedlings are rarely found underneath 
their thickets (Nantel and Gagnon 1999). Hartmann et al. (1997) suggest that sumac, as 
Rhus species are known in North America, is best propagated from seed collected in 
autumn, breaking seed dormancy via acid scarification, in concentrated sulphuric acid for 
one to six hours, or cold stratification at 4°C for two months. Softwood cuttings taken in 
summer, with leaves left intact and treated with 10 000 ppm IBA, produces good strike in 
sumac (Hartmann et al. 1997).Sumac species that produce suckers also do well from root 
cuttings (Hartmann et al. 1997). The natural reproductive strategy of Searsia species 
appears to lean towards vegetative regeneration. Searsia species are known to sucker i.e. 
sprout from their roots (Nichols 2005) – it is, therefore, plausible that root cuttings can be 
made of S. longispina, or its spread via ground layers encouraged at rehabilitation sites.  
Reasonably high cutting strike was achieved in this study (19% overall), strike and root 
growth being best in Thicket soil that provided adequate moisture, as well as nutrients and 
possible mycorrhizal inoculation to encourage root growth – making Searsia longispina a 
good candidate for propagation for rehabilitation. All Searsia species have been considered 
good candidates for propagation for rehabilitation purposes, as they are easily grown from 
seed and cuttings, are fast-growing and shed much leaf litter once established (Mike Powell 
pers. comm.). 
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Chapter 4. Drought Stress Physiology 
4.1 Introduction 
The impacts of drought stress i.e. withholding of irrigation, and recovery after rewatering, has 
not been tested in woody Thicket species. Holmes and Cowling (1993) tested the effects of 
shade on seedling growth, morphology and leaf photosynthesis of two Cassine species, 
Pappea capensis, Rhus glauca, Schotia afra and Sideroxylon inerme, but not the effects of 
drought, on these species.  
The seedlings of succulent species have been found to be more prevalent in arid Thicket 
vegetation, the prevalence of woody canopy shrub and tree seedlings increasing with 
increased rainfall i.e. in mesic Thicket vegetation (Weatherall-Thomas 2009), as well as in 
Forest (Bond and Midgley 2001). Ptaeroxylon obliquum and Aloe africana have been 
classed as „drought tolerant‟ species, and Burchellia bubalina and Rhus dentata as „drought 
intolerant‟, based on their responses to varying levels of shade and soil moisture 
(Weatherall-Thomas 2009).  
Other than studies of Crassulacean Acid Metabolism in Portulacaria afra in the early 1970‟s 
and 1980‟s (Ting and Hanscom 1977, Guralnick et al. 1984, Guralnick et al. 1984a, 
Guralnick and Ting 1986), and more recently, Crassula ovata (Jones 2011); carbon isotope 
(δ13C) ratio measurements in Southern African succulents (Mooney et al. 1977); extensive 
studies of drought and rewatering in commercial cultivars of Olea europaea subsp. europaea 
(Angelopoulous et al. 1996) – knowledge of the physiology of woody canopy shrubs and 
trees of Thicket vegetation, and their adaptations to drought, is very limited.  
The objectives of this part of the study were, therefore, to: 
i) Determine baseline i.e. well-watered chlorophyll a fluorescence and stomatal conductance 
values, photosynthetic and transpiration rates, of ten Thicket species. 
ii) Determine the effect of drought and rewatering on ten Thicket species on photosynthetic 
efficiency and stomatal conductance. 
iii) Determine which species, based on the above-mentioned parameters, will most likely 
survive the stresses of drought and high temperatures, associated with transplantation into 
rehabilitation sites. 
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4.2 Materials and methods 
4.2.1 Experimental design 
Plants of the following Thicket species were sourced from the Kouga Dam Rehabilitation 
Nursery in 2008: Crassula ovata; Ehretia rigida (Thunb.) Druce subsp. rigida; Grewia 
robusta; Gymnosporia buxifolia; Lycium ferocissimum; Olea europaea L. subsp. africana 
(Mill.) P.S.Green; Portulacaria afra; Putterlickia pyracantha (L.) Szyszyl.; Rhigozum 
obovatum and Searsia longispina [Table II and Appendix 1]. Plants were propagated from 
seed (Olea europaea subsp. africana and Putterlickia pyracantha) or hardwood cuttings and 
grown in black plastic nursery bags in a mixture of red (clayey) soil, pine bark and fine river 
sand. Seed and cutting material was sourced from Thicket vegetation in the Baviaanskloof 
Nature Reserve. Plants were grown under shade cloth and moved to full sunlight, once 
rooted and new leaves and branches had formed.  
The nursery-grown plants were planted into 20 cm diameter brown plastic pots lined with 
bark mulch, to prevent soil from running out the bottom of the pots when dry. Plants were 
removed from the red soil medium, their roots washed in tap water and planted into a new 
medium of 3 parts potting soil to 1 part coarse river sand. This medium had a mean bulk 
density of 0.833 g cm-3 ± 0.067 S.E., mean field capacity of 42% ± 1 S.E.; mean total 
porosity of 53% ± 2 S.E., and mean air porosity of 9% ± 3 S.E [See section 3.2.4 Soil 
analyses for methodology]. Pots were kept on a cement slab outside a glasshouse to harden 
prior to experimentation, and watered to field capacity by hand once or twice a week, 
depending on weather conditions.  
Ten replicate plants of each species were planted out into plastic pots. Five replicate control 
plants and five replicate treatment plants were randomly selected per species giving a total 
of 100 plants. Each pot was given 500 mℓ of a 5 mℓ in 1 ℓ Seagro© Organic Liquid Fertilizer, 
to replenish lost soil nutrients and encourage leaf formation after which they were moved to 
the glasshouse to acclimate. While in the glasshouse, they were randomly arranged and 
rotated once a week throughout the experiment (Plate 4.1). Plants were hand-watered using 
a garden hose with a shower nozzle attachment. A fan on the opposite end of the 
glasshouse switched on when inside temperatures reached 26°C and above. Control plants 
were watered thoroughly once a week, after physiological variables were measured. 
Treatment plants were dried out for 30 days, rewatered on the 30th day and physiological 
variables measured until 47 days (17 days after rewatering) after the start of the experiment. 
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Table II. Description of species used in drought stress physiology experimentation. 
Species Common name Family Growth form Important/ Dominant taxon 
in Sundays Thicket (Hoare 
et al. 2006) 
Vegetative 
growth 
Seed dispersal 
mechanism 
Thorns Conservation 
status  
Crassula ovata Kerky-bush Crassulaceae Shrub or dwarf 
tree 
Succulent shrub, dominant Fallen leaves 
and stems 
Anemochory (small 
capsule with many tiny 
seeds) 
No LC (Foden and 
Potter 2009) 
Ehretia rigida 
subsp. rigida 
Puzzle-bush Boraginaceae Small shrub or 
tree 
Tall shrub, important Resprouts 
from roots 
Zoochory No LC (Foden and 
Potter 2005h) 
Grewia robusta Karoo cross-berry Tiliaceae Shrub or small 
tree 
Tall shrub, important Ground layers 
(pers. obs.) 
Zoochory (two to four-
lobed drupe) 
Yes LC (Foden and 
Potter 2005c) 
Gymnosporia 
buxifolia  
Common spike-
thorn 
Celastraceae Shrub or small 
tree 
Tall shrub, important  Zoochory (thinly fleshy 
capsule, seeds with yellow 
aril 
Yes LC (Archer and 
Victor 2005a) 
Lycium 
ferocissimum 
Snake-berry Solanaceae Shrub or small 
tree 
  Zoochory Yes LC (Foden and 
Potter 2005i) 
Olea europaea 
subsp. africana 
African olive Oleaceae Tree Tall shrub, dominant  Zoochory No LC (Foden and 
Potter 2005j) 
Portulacaria afra Spekboom, 
Porkbush 
Portulacaceae Shrub or small 
tree 
Succulent shrub, dominant Ground layers Anemochory (papery 
three-winged capsules 
with fine seeds) 
No LC (Williamson 
and Potter 2005) 
Putterlickia 
pyracantha 
False spike-thorn Celastraceae Shrub or small 
tree 
Tall shrub, important  Zoochory (capsule with 
large orange aril) 
Yes LC (Archer and 
Victor 2005b) 
Rhigozum 
obovatum 
Three-leaved 
Rhigozum, Yellow 
pomegranate 
Bignoniaceae Shrub or small 
tree 
Low shrub, important  Anemochory (flattened, 
pod-like, dehiscent 
capsule, releases papery-
winged seeds) 
Yes LC (Foden and 
Potter 2005f) 
Searsia 
longispina 
Spiny currant-
Rhus 
Anacardiaceae Shrub or small 
tree 
Tall shrub, important Resprouts 
from roots  
Zoochory (small, fleshy,  
flattened, indehiscent 
drupe) 
Yes LC (Foden and 
Potter 2005g) 
References: Hankey 2002, Joffe 2002, Harris 2003, Ndou 2003, Coates Palgrave 2002, Malan and Notten 2005, Nichols 2005, POSA 2009, Hyde and Wursten 2010  
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Photosynthetically Active Radiation (PAR), measured as Photosynthetic Photon Flux Density 
(PPFD) (LI-250A Quantum Radiometer/Photometer, LI-COR Biosciences, Inc.), was 
measured during sunny and overcast conditions, to determine the degree of shading 
experienced inside the glasshouse. Photosynthetic photon flux density (PPFD) is a measure 
of the number of photons of light in the photosynthetically active radiation (PAR) waveband 
i.e. 400 to 700 nm, measured in µmol photons m-2 s-1 (Fitter and Hay 2002). On a sunny day, 
PAR of around 460 µmol photons m-2 s-1 was measured inside the glasshouse, 22% of the 
PAR measured outside, at 2110 µmol photons m-2 s-1. On a cloudy day, a 59% reduction in 
PAR was measured i.e.189 µmol photons m-2 s-1 inside the glasshouse vs 455 µmol photons 
m-2 s-1 outside.  
 
 
Plate 4.7 Experimental set-up of the drought stress physiology experiment in the NMMU 
Botany department glasshouse. 
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4.2.2 Physiological measurements 
Physiological variables i.e. chlorophyll a fluorescence, stomatal conductance, and once-off, 
single-plant photosynthesis-irradiance and transpiration-irradiance curves during control, 
drought and recovery conditions, were measured. Measurements were taken on day 0, 7, 13 
and 19 – the drought phase of the experiment. Treatment plants were rewatered on day 30. 
Measurements were continued on day 34, 40 and 47 (or day 4, 10 and 17 after rewatering) – 
the recovery phase of the experiment. Physiological measurements took two days to 
complete, treatment plants being measured on the first day. 
Chlorophyll a fluorescence 
Chlorophyll a fluorescence [Fv/Fm], or photosynthetic efficiency, was measured using a 
HansaTech Handy PEA (Plant Efficiency Analyser). Dark adaption time was determined 
using 2 min intervals, starting at a minimum of 2 min to a maximum of 20 min dark adaption 
period. A 15 min dark adaption period was determined as sufficient for use on all species. 
Measurements were done on three replicate leaves per replicate plant of the 10 plants of 10 
species giving  300 measurements for each day. 
Stomatal conductance 
Stomatal conductance is a measure of the rate at which carbon dioxide and water vapour 
moves through the stomata of a leaf. Abaxial stomatal conductance [mmol H2O m
-2 s-1] was 
measured (measured over 30 seconds,  for conductance  between 5 to 1000 mmol H2O m
-2 
s-1) using a 2005 Decagon Devices Model SC-1 Leaf Porometer (Steady State Diffusion 
Porometer). Abaxial stomatal conductance readings were taken, as most stomata occur on 
the bottom of leaves (Leaf Porometer Operator‟s Manual). The Leaf Porometer measures air 
temperature at the leaf surface, which was also recorded. 
Measurements were done on three replicate leaves per replicate plant on the10 plants of 10 
species giving 300 measurements for each day. If stomatal conductance was below 5 mmol 
H2O m
-2 s-1, no measurement was recorded. The sensor was allowed to equilibrate to 
environmental conditions in the glasshouse for a minimum of 10 minutes, before 
measurement began. Notes on whether sunny or cloudy conditions prevailed on the day, as 
well as air temperature in the glasshouse, were made to account for abnormally high or low 
stomatal conductance readings on the day. Stomatal conductance is higher in bright sunlight 
than on cloudy days or in shade; low or non-existent during extremely high or low 
temperatures; high during humid conditions, and low at increased levels of carbon dioxide, 
as experienced in a glasshouse or growth cabinet (Leaf Porometer Operator‟s Manual).  
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Photosynthetic and transpiration rates 
A LCpro+ Portable Photosynthesis System (ADC Bioscientific Ltd.), which is an Infra-red 
Gas Analyser (IRGA) was used to produce photosynthesis-irradiance and transpiration-
irradiance curves for one replicate plant per species during control (pre-drought), drought 
and recovery conditions. The conifer chamber was used in this experiment asthe leaves of 
Thicket species were either too small or too succulent to be placed into the other available 
chambers. However, on intact stems this required destructive sampling in order to accurately 
measure total leaf area. Total area [cm2] of the leaves on measured stem tips was 
determined by scanning flattened leaves using a flatbed scanner and digitising this using 
ImageJ Software (Rasband 1997-2009). The removal of stem sections would most likely 
have increased stress on already drought-stressed treatment plants, thereby reducing the 
number of leaves, which were also dropping naturally during drought stress, available for 
chlorophyll a fluorescence and stomatal conductance measurements. It would also have 
meant that older, thicker stems would have been measured towards the end of the 
experiment, and not the younger, thinner stems with faster metabolisms, as only a handful of 
branching stems occurred on each replicate plant. 
The conifer chamber was used on intact stem tips of all species, except in the case of 
Crassula ovata, where a piece of stem was removed and attached to the inside of the leaf 
chamber. The light source for the LCPro+ conifer chamber  consists of blue light-emitting 
diodes (LED) emitting at 470 nm as well as a red LED‟s emitting at 660 nm. Between 5 and 
10% of the photons produced are in the blue part of the spectrum. A set light sequence was 
run for each species. Initially the leaves were kept in the dark in the chamber for a period of 
5 min (this gave an estimate of leaf respiration rate). Thereafter irradiance was set to 
increase by 50 µmol m-2 s-1 every 3 min up to a maximum of 1500 µmol m-2 s-1 (this gave an 
actual leaf surface maximum irradiance of 1290 µmol m-2 s-1). The air flow rate was set at 
340 µmol s-1.  
Volumetric moisture content 
Volumetric moisture content [%] is the ratio of the volume of water in a given volume of soil 
to the total soil volume. The volumetric moisture content was measured using a FieldScout 
TDR 300 Soil Moisture Meter (Spectrum Technologies Inc.). The Soil Moisture Meter 
measures in range of 0 to 50%, 50% being the general value of soil at saturation, with an 
accuracy of ± 3%. Values are affected by high amounts of clay and organic matter, and high 
electrical conductivity (>2 dS m-1) but these factors were not an issue in this study.  
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Rods (7.6 cm) were inserted into the soil halfway between the main stem of the plant and the 
side of the pot. One replicate volumetric moisture content measurement was taken per 
replicate plant per day.  
4.2.2 Statistical analyses 
All datasets were tested for normality using the Shapiro-Wilk‟s W test prior to further 
statistical analysis. The majority of datasets were found to be non-parametric. Mann-Whitney 
U tests (comparing two independent samples [groups]), Wilcoxon Matched Pairs tests 
(comparing two dependent samples [groups]) and Friedman‟s ANOVA were used to test for 
significant differences between non-parametric datasets. Spearman Rank Order Correlations 
were used to test for the existence of correlations between non-parametric datasets. For all 
statistical analyses, tests were considered statistically significant where p < 0.05. Data were 
analysed using STATISTICA version 8.0 software (StatSoft Inc. 2007). 
Jassby and Platt (1976) fits were applied to photosynthesis-irradiance curves as follows: 
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where P = net photosynthetic rate; 
Pmax = maximum photosynthetic rate; 
I = irradiance; 
Ik = irradiance at Pmax, and 
R = respiration rate. 
 
4.3 Results 
Air temperature readings, taken with a mercury thermometer are shown in Table II. As 
expected, temperature increased from the first week of October (day 0) to the end of 
November (2011) (day 47), the duration of this study. This will have had a compounding 
effect on drought stress in treatment plants. Figures (4.1, 4.3, 4.7, 4.9, 4.15, 4.25, 4.27, 4.31, 
4.37, 4.43, 4.45, 4.51 and 4.55) indicate significantly greater photosynthetic efficiency and/or 
stomatal conductance values in control and treatment plants during the recovery phase of 
the experiment, which may be attributed to measuring new or younger leaves, which 
generally have faster photosynthetic and transpiration rates than older leaves. 
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Table III. Mean daily air temperature (oC) in the glasshouse on days on which physiological 
variables were measured 
Drought phase Recovery phase 
Day 0 Day 7 Day 13 Day 19 Day 34 Day 40 Day 47 
25.9 24.3 27.1 28.6 29.3 30.0 30.9 
 
4.3.1 Crassula ovata 
In Crassula ovata, leaf temperature was significantly correlated with volumetric soil moisture 
content (r =-0.348, t(n-2)=-3.447, p=0.001, n=88) and stomatal conductance (r =-0.219, t(n-
2)=-2.083, p=0.04, n=88). 
There was a significant difference in the volumetric moisture content of soil in control vs 
treatment pots on day 7 (U=0, Z=-2.611, p=0.008, n=5, 5), day 13 (U=0, Z=-2.611 p=0.008, 
n=5, 5), day 19 (U=0, Z=-2.611, p=0.008, n=5, 5) and day 34 (U=0, Z=-2.611, p=0.008, n=5, 
5), with no significant difference on day 0 (U=11.5, Z=-2.209, p=0.841, n=5, 5), day 40 
(U=6.5, Z=1.253, p=0.222, n=5, 5) and day 47 (U=10, Z=0.522, p=0.69, n=5, 5). Volumetric 
moisture content was greater in control than treatment pots on day 7, 13, 19 and 34. It is 
evident that control pots, like treatment pots, dried out between days measured for all of the 
species tested, showing a similar decrease during the drought phase and increase during 
the recovery phase of the experiment [Figures 4.1 and 4.3]. This is most likely as a result of 
increased temperature in the glasshouse during the study period, leading to an increase in 
evapotranspiration, as shown in significant differences in the volumetric moisture content of 
soil in treatment, as well as control pots between days measured [Appendix 3, Table I]. 
Despite significant differences in volumetric moisture content of the soil, there was no 
significant difference in the photosynthetic efficiency and stomatal conductance of leaves in 
control vs treatment plants on any of the days measured [Appendix 3, Tables II and IV]. 
There were, however, significant differences in the photosynthetic efficiency and stomatal 
conductance of leaves of Crassula ovata plants between days measured [Appendix 3, 
Tables III and V]. Photosynthetic efficiency was significantly greater in treatment plants on 
day 0 vs 47, and on day 19 vs 34, 40 and 47. Stomatal conductance was significantly 
greater in treatment plants on day 19 vs 47. There is no discernible trend of decreased 
photosynthetic efficiency and stomatal conductance with increasing drought, and increased 
photosynthetic efficiency and stomatal conductance after recovery, over time in C. ovata 
plants. This is also evident in Figure 4.2, where chlorophyll a fluorescence (Fv/Fm) values fall 
between 0.4 and 0.8 in both control and treatment plants, during drought and recovery 
phases. Stomatal conductance varied greatly, with both control and treatment plants 
114 
 
showing 0 i.e. below 5 mmol H2O m
-2 s-1 stomatal conductance values during both drought 
and recovery phases [Figure 4.4]. This suggests that an environmental factor other than 
volumetric moisture content, such as temperature, humidity, light intensity or day length, 
influenced photosynthetic efficiency and stomatal conductance during the study period. 
Photosynthesis- and transpiration-irradiance curves [Figures 4.5 and 4.6] indicate that 
photosynthetic and transpiration rates decreased greatly during the drought phase. 
Photosynthetic rate had not returned to the control condition during the recovery phase i.e. 
17 days after being rewatered, but transpiration rate was greater after recovery than during 
control conditions. The net photosynthetic rate remained negative during drought and 
recovery phases, though drought-stressed plants show positive transpiration rates and 
stomatal conductance rates greater than 5 mmol H2O m
-2 s-1during the drought phase. This 
suggests that drought did not induce CAM metabolism in Crassula ovata during the study 
period. 
 
 
 
Figure 4.12 Mean (bars represent ± 1 S.E.) chlorophyll a fluorescence [] (n=15) and mean 
volumetric moisture content [] (n=5) in control [fill] and treatment [no fill] Crassula ovata 
plants during drought (Day 0 to 19) and recovery (Day 34 to 47) phases 
115 
 
 
Figure 4.13 Mean chlorophyll a fluorescence (n=3) vs volumetric moisture content (n=1) in 
control [fill] and treatment [no fill] Crassula ovata plants during drought [] and recovery [] 
phases. 
 
Figure 4.14 Mean (bars represent ± 1 S.E.) stomatal conductance [] (n=15) and mean 
volumetric moisture content [] (n=5) in control [fill] and treatment [no fill] Crassula ovata 
plants during drought (Day 0 to 19) and recovery (Day 34 to 47) phases. 
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Figure 4.15 Mean stomatal conductance (n=3) vs volumetric moisture content (n=1) in 
control [fill] and treatment [no fill] Crassula ovata plants during drought [] and recovery [] 
phases. 
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Figure 4.16 Photosynthesis-irradiance curves for Crassula ovata in control, drought and 
recovery conditions. 
117 
 
 
0 400 800 1200 1600
Irradiance (µmol photons m-2 s-1)
0
0.2
0.4
0.6
N
e
t
tr
a
n
s
p
ir
a
ti
o
n
ra
te
(m
m
o
l
H
2
O
m
-2
s
-1
)
Legend
Control
Drought
Recovery
 
Figure 4.17 Transpiration-irradiance curves for Crassula ovata in control, drought and 
recovery conditions. 
 
4.3.2 Ehretia rigida subsp. rigida 
In Ehretia rigida, volumetric soil moisture content was significantly correlated with 
temperature (r =-0.184, t(n-2)=-2.702, p=0.007, n=210), stomatal conductance (r =0.414, t(n-
2)=6.557, p<0.001, n=210) and photosynthetic efficiency (r =0.33, t(n-2)=5.049, p<0.001, 
n=210). Photosynthetic efficiency was significantly correlated with leaf temperature (r =-
0.176, t(n-2)=-2.573, p=0.011, n=210) and stomatal conductance (r =0.206, t(n-2)=3.031, 
p=0.003, n=210).  
There was a significant difference in volumetric moisture content of soil in control vs 
treatment pots on day 7 (U=1, Z=2.402, p=0.016, n=5, 5), day 13 (U=0, Z=2.611, p=0.008, 
n=5, 5) and day 19 (U=0, Z=2.611 , p=0.008, n=5, 5), with no significant difference on day 0 
(U=7, Z=-1.149, p=0.31, n =5, 5), day 34 (U=10 , Z=0.522 , p=0.69, n=5, 5), day 40 (U=6.5, 
Z=-1.253, p=0.222, n=5, 5) and day 47 (U=8 , Z=-0.94, p=0.421, n =5, 5). Volumetric 
moisture content was greater in control than treatment pots on day 7, 13 and 19, and lower 
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on day 40 and 47 [Figures 4.7 and 4.9] – an indication that drought-stressed treatment 
plants were not losing as much water through evapotranspiration as control plants during the 
recovery phase, transpiration rates having not recovered to that of the control state in 
treatment plants [Figure 4.11]. Volumetric moisture content was significantly greater in 
treatment pots on day 0 vs 7, 13, 19 and 34, during the drought phase, and significantly 
lower on day 19 vs 34, 40 and 47, during recovery [Appendix 3, Table VI]. 
There was a significant difference in the photosynthetic efficiency of control vs treatment 
plants on day 19 (U=38, Z=3.09, p=0.001, n=15, 15) and day 47 (U=39, Z=-3.049, p=0.002, 
n=15, 15), with no significant difference on day 0 (U= 94, Z =0.767 , p= 0.461, n = 15, 15), 
day 7 (U=111.5 , Z = 0.041, p=0.967, n =15, 15), day 13 (U= 106.5, Z = 0.249, p= 0.806, n = 
15, 15), day 35  (U= 74.5, Z = 1.576, p=0.116 , n =15, 15) and day 40 (U= 99.5, Z =0.539 , 
p= 0.595, n = 15, 15). Photosynthetic efficiency was lower in treatment plants on day 19, and 
significantly greater on day 47 [Figure 4.7]. Photosynthetic efficiency was greater in 
treatment plants on day 0 vs 19 and 34, and lower on day 0 vs 47 and on day 19 vs 34, 40 
and 47 [Appendix 3, Table VII]. 
There was a significant difference in stomatal conductance of leaves on control vs treatment 
plants on day 7 (U=16, Z=4.003, p<0.001, n=15, 15), day 13 (U=57, Z=2.302, p=0.021, 
n=15, 15), day 19 (U=27, Z=3.546, p<0.001, n=15, 15) and day 35 (U=24, Z=3.671, p<0.001 
, n=15, 15), with no significant difference on day 0 (U=93, Z=0.809, p=0.436, n=15, 15), day 
40 (U=91, Z=0.892, p=0.389, n=5, 15) and day 47 (U=84, Z=-1.182, p=0.25, n=15, 15). 
Stomatal conductance was significantly greater in control plants on day 7, 13, 19 and 35 
[Figure 4.9]. Stomatal conductance was also significantly lower in treatment plants on day 0 
vs 7, 19 and 34, and significantly lower on day 19 vs 40 and 47 [Appendix 3, Table VIII]. 
Treatment, as well as control plants show an apparent trend of decreasing photosynthetic 
efficiency and stomatal conductance with increasing drought, and increasing photosynthetic 
efficiency and stomatal conductance during recovery [Figures 4.8 and 4.10]. Photosynthetic 
rate had returned to greater than that of the control plants after recovery, but transpiration 
rate had not returned to control rates [Figures 4.11 and 4.12].  
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Figure 4.18 Mean (bars represent ± 1 S.E.) chlorophyll a fluorescence [] (n=15) and mean 
volumetric moisture content [] (n=5) in control [fill] and treatment [no fill] Ehretia rigida 
plants during drought (Day 0 to 19) and recovery (Day 34 to 47) phases. 
 
Figure 4.19 Mean chlorophyll a fluorescence (n=3) vs volumetric moisture content (n=1) in 
control [fill] and treatment [no fill] Ehretia rigida plants during drought [] and recovery [] 
phases. 
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Figure 4.20 Mean (bars represent ± 1 S.E.) stomatal conductance [] (n=15) and mean 
volumetric moisture content [] (n=5) in control [fill] and treatment [no fill] Ehretia rigida 
plants during drought (Day 0 to 19) and recovery (Day 34 to 47) phases. 
 
Figure 4.21 Mean stomatal conductance (n=3) vs volumetric moisture content (n=1) in 
control [fill] and treatment [no fill] Ehretia rigida plants during drought [] and recovery [] 
phases. 
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Figure 4.22 Photosynthesis-irradiance curves for Ehretia rigida in control, drought and 
recovery conditions. 
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Figure 4.23 Transpiration-irradiance curves for Ehretia rigida in control, drought and 
recovery conditions. 
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4.3.3 Grewia robusta  
In Grewia robusta, volumetric soil moisture content was significantly correlated with leaf 
temperature (r =-0.409, t(n-2)=-6.287, p<0.001, n=199), stomatal conductance (r =0.439, t(n-
2)=6.864, p<0.001, n=199) and photosynthetic efficiency (r =0.201, t(n-2)=2.899, p=0.004, 
n=210). Photosynthetic efficiency was significantly correlated with leaf temperature (r =-0.17, 
t(n-2)=-2.422, p=0.016, n=199) and stomatal conductance (r =0.199, t(n-2)=2.851, p=0.005, 
n=199).  
There was a significant difference in the volumetric moisture content of soil in control vs 
treatment pots on day 19 (U=0.5, Z=2.507, p=0.008, n=5, 5), day 34 (U=1, Z=-2.402, 
p=0.016, n=5, 5), day 40 (U=1, Z=-2.402, p=0.016, n=5, 5) and day 47 (U=1, Z=-2.402, 
p=0.016, n=5, 5), with no significant difference on day 0 (U=12, Z=0.104, p=1, n=5, 5), day 7 
(U=6, Z=1.358, p=0.222, n=5, 5) and day 13 (U=4, Z=1.776, p=0.095, n=5, 5). Volumetric 
moisture content of soil in treatment pots was lower than that of control pots on day 19, and 
greater on day 34, 40 and 47 [Figures 4.13 and 4.14]. Volumetric moisture content was also 
greater in treatment pots on day 0 vs 7, 13, 19, 34, 40 and 47, and lower on day 19 vs 34, 40 
and 47 [Appendix 3, Table IX]. Evapotranspiration was, therefore, greater in control pots 
during the recovery phase, indicating that control plants were transpiring at a „normal‟ rate, 
and that drought plants were transpiring at a slower rate, evident in that transpiration rate 
had not returned to control rates after recovery [Figure 4.18]. 
There was a significant difference in the photosynthetic efficiency of control vs treatment 
plants on day 7 (U=64.5, Z=1.991, p=0.045, n=15, 15), day 13 (U=34, Z=3.256, p=0.001, 
n=15, 15) and day 19 (U=62.5, Z=2.074, p=0.037, n=15, 15), with no significant difference 
on day 0 (U=91, Z=0.892, p=0.389, n=15, 15), day 34 (U=63.5, Z=-1.293, p=0.2, n=15, 12), 
day 40 (U=69.5, Z=1.003, p=0.323, n=15, 12) and day 47 (U=70, Z=0.976, p=0.347, n=15, 
12). Photosynthetic efficiency was lower in treatment plants on day 7, 13 and 19 [Figure 
4.13], and greater on day 0 vs 7, 13 and 34 [Appendix 3, Table X], the drought phase of the 
experiment. Drought and recovery chlorophyll a fluorescence (Fv/Fm) values remained above 
0.7, except when the lowest volumetric moisture content levels were reached [Figure 4.14].  
There was a significant difference in the stomatal conductance of leaves on control vs 
treatment plants on day 0 (U=51.5, Z=2.53, p=0.01, n= 5, 15), day 7 (U=5, Z=4.459, 
p<0.001, n=15, 15) and day 19 (U=5, Z=4.261, p<0.001 , n=15, 13), with no significant 
difference on day 13 (U=89, Z=0.975, p=0.345, n=15, 15), day 34 (U=81, Z=-0.439, p=0.683, 
n=15, 12), day 40 (U=61, Z=-1.415 , p=0.167, n=15, 12) and day 47 (U=54.5 , Z=-1.732, 
p=0.083, n=15, 12). Stomatal conductance was lower in treatment than control in plants on 
day 0, 7 and 19 (Plate 4.2), Figure 4.15]. Stomatal conductance was greater in treatment 
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plants on day 0 vs 19, and lower on day 19 vs 40 and 47 [Appendix 3, Table XI] – the 
expected trend for the drought and recovery phases of the experiment [Figure 4.15]. 
Photosynthesis-irradiance curves for Grewia robusta indicate that photosynthetic rate had 
returned to values greater than that of the pre-drought control rates during the recovery 
phase of the experiment [Figure 4.17]. Transpiration rate, however, was greater after 
recovery than during drought conditions, but did not exceed control rates [Figure 4.18]. 
 
 
Plate 4.8 Grewia robusta Burch. drought-stressed („treatment‟) plant. 
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Figure 4.24 Mean (bars represent ± 1 S.E.) chlorophyll a fluorescence [] (n=15) and mean 
volumetric moisture content [] (n=5) in control [fill] and treatment [no fill] Grewia robusta 
plants during drought (Day 0 to 19) and recovery (Day 34 to 47) phases. 
 
Figure 4.25 Mean chlorophyll a fluorescence (n=3) vs volumetric moisture content (n=1) in 
control [fill] and treatment [no fill] Grewia robusta plants during drought [] and recovery [] 
phases. 
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Figure 4.26 Mean (bars represent ± 1 S.E.) stomatal conductance [] (n=15) and mean 
volumetric moisture content [] in control [fill] and treatment [no fill] Grewia robusta plants 
during drought (Day 0 to 19) and recovery (Day 34 to 47) phases. 
 
Figure 4.27 Mean stomatal conductance (n=3) vs volumetric moisture content (n=1) in 
control [fill] and treatment [no fill] Grewia robusta plants during drought [] and recovery [] 
phases. 
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Figure 4.28 Photosynthesis-irradiance curves for Grewia robusta in control, drought and 
recovery conditions. 
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Figure 4.29 Transpiration-irradiance curves for Grewia robusta in control, drought and 
recovery conditions. 
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4.3.4 Gymnosporia buxifolia 
In Gymnosporia buxifolia, volumetric soil moisture content was significantly correlated with 
stomatal conductance (r =0.503, t(n-2)=7.06, p<0.001, n=149). Temperature was 
significantly correlated with photosynthetic efficiency (r =-0.175, t(n-2)=-2.155, p=0.033, 
n=149). 
There was a significant difference in the volumetric moisture content of soil in control vs 
treatment pots on day 7 (U=0, Z=2.611, p=0.008, n=5, 5), day 13  (U=0, Z=2.611, p=0.008, 
n=5, 5) and day 19 (U=0, Z=2.611, p=0.008, n=5, 5), with no significant difference on day 0 
(U=8, Z=0.94, p=0.421, n=5, 5), day 34 (U=11, Z=-0.313, p=0.841, n=5, 5), day 40 (U=6, Z=-
1.358, p=0.222, n=5, 5) and day 47 (U=3, Z=-1.984, p=0.056, n=5, 5). The volumetric 
moisture content of soil in treatment pots was lower than in treatment pots on day 7, 13 and 
19 [Figure 4.19 and 4.21]. Volumetric moisture content was also greater in treatment pots on 
day 0 vs 7, 13, 19, 34, 40 and 47, and significantly lower on day 19 vs 34, 40 and 47 
[Appendix 3, Table XII].  
There was a significant difference in the photosynthetic efficiency of control vs treatment 
plants on day 0 (U=63.5, Z=-2.032, p=0.041, n=15, 15), day 13 (U=62, Z=2.095, p=0.037, 
n=15, 15), day 19 (U=60.5, Z=2.157, p=0.029, n=15, 15), day 34 (U 0, Z=0, p<0.001, n=15, 
0), day 40 (U=0, Z=0, p<0.001, n=15, 0) and day 47 (U=0, Z=0, p<0.001, n=15, 0), with no 
significant difference on day 7 (U=71, Z=-1.721, p=0.089, n=15, 15). The photosynthetic 
efficiency of treatment plants was greater on day 0, and lower on day 13, 19, 34, 40 and 47 
[Figure 4.19]. The photosynthetic efficiency of treatment plants was also greater on day 0 vs 
34, 40 and 47, and greater on day 19 vs 34, 40 and 47 [Appendix 3, Table XIII] – plants 
having lost a great number of leaves, or leaves that remained being completely brown and 
wilted, disabling measurements being taken. 
There was a significant difference in the stomatal conductance of leaves on control vs 
treatment plants on day 7 (U=3, Z=4.542, p<0.001, n=15, 15), day 13 (U=9, Z=3.661, 
p<0.001, n=15, 10), day 19 (U=7, Z=2.3, p=0.02, n=15, 4), day 34 (U=0, Z=0, p<0.001, 
n=15, 0), day 40 (U=0, Z=0, p<0.001, n=15, 0) and day 47 (U=0, Z=0, p<0.001, n=15, 0) with 
no significant difference on day 0 (U=102.5, Z=0.415, p=0.683, n=15, 15).  The stomatal 
conductance of leaves on treatment plants were lower on day 7, 13, 19, 34, 40 and 47 (Plate 
4.3, Figure 4.21). Stomatal conductance was also greater in treatment plants on day 0 vs 7, 
13, 19, 34, 40 and 47, and on day 19 vs 34, 40 and 47 [Appendix 3, Table XIV] – again, 
plants having lost a great number of leaves, or leaves that remained being completely brown 
and wilted, preventing measurements being taken. 
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Chlorophyll a fluorescence (Fv/Fm) values were never below 0.6 during drought or recovery 
phases of the experiment [Figure 4.20]. Both chlorophyll a fluorescence and stomatal 
conductance [Figure 4.22] values are very scattered, particularly in control plants during 
drought and recovery phases, but values for treatment plants during the drought phase 
suggest a decrease in photosynthetic efficiency and stomatal conductance with a decrease 
in volumetric moisture content.   
Photosynthetic and transpiration rates had not returned to pre-drought control condition after 
the recovery phase in Gymnosporia buxifolia, but were greater considerably greater than 
during drought conditions [Figures 4.23 and 4.24]. 
 
Plate 4.9 Gymnosporia buxifolia (L.) Szyszyl. drought-stressed („treatment‟) plant. 
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Figure 4.30 Mean (bars represent ± 1 S.E.) chlorophyll a fluorescence [] (n=15) and mean 
volumetric moisture content [] (n=5) in control [fill] and treatment [no fill] Gymnosporia 
buxifolia plants during drought (Day 0 to 19) and recovery (Day 34 to 47) phases. 
 
Figure 4.31 Mean chlorophyll a fluorescence (n=3) vs volumetric moisture content (n=1) in 
control [fill] and treatment [no fill] Gymnosporia buxifolia plants during drought [] and 
recovery [] phases. 
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Figure 4.32 Mean (bars represent ± 1 S.E.) stomatal conductance [] (n=15) and mean 
volumetric moisture content [] (n=5) in control [fill] and treatment [no fill] Gymnosporia 
buxifolia plants during drought (Day 0 to 19) and recovery (Day 34 to 47) phases. 
 
Figure 4.33 Mean stomatal conductance (n=3) vs volumetric moisture content (n=1) in 
control [fill] and treatment [no fill] Gymnosporia buxifolia plants during drought [] and 
recovery [] phases. 
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Figure 4.34 Photosynthesis-irradiance curves for Gymnosporia buxifolia in control, drought 
and recovery conditions. 
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Figure 4.35 Transpiration-irradiance curves for Gymnosporia buxifolia in control, drought and 
recovery conditions 
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4.3.5 Lycium ferocissimum 
In Lycium ferocissimum, volumetric soil moisture content was significantly correlated with 
stomatal conductance (r =0.415, t(n-2)=6.025, p<0.001, n=176) and photosynthetic 
efficiency (r =0.35, t(n-2)=5.047, p<0.001, n=184). Leaf temperature was significantly 
correlated with photosynthetic efficiency (r =-0.335, t(n-2)=-4.695, p<0.001, n=176) and 
stomatal conductance (r =-0.182, t(n-2)=-2.445, p=0.015, n=176). 
There was a significant difference in the volumetric moisture content of soil in control vs 
treatment pots on day 7 (U=2,  Z=2.193, p=0.032, n=5, 5), day 13 (U=0,  Z=2.611, p=0.008, 
n=5, 5) and day 19 (U=0,  Z=2.611, p=0.008, n=5, 5), with no significant difference on day 0 
(U=11, Z=0.313, p=0.841, n=5, 5),  day 34 (U=10, Z=0.522, p=0.69, n=5, 5), day 40 
(U=11.5, Z=0.209, p=0.841, n=5, 5) and day 47 (U=5, Z=1.567, p=0.141, n=5, 5). Volumetric 
moisture content of soil in treatment pots was lower than that of control pots on day 7, 13 
and 19 [Figure 4.25 and 4.27]. Volumetric moisture content was also lower in treatment pots 
day 0 vs 13 and 19 [Appendix 3, Table XV].  
There was a significant difference in the photosynthetic efficiency of control vs treatment 
plants on day 13 (U=17.5,  Z=3.94, p<0.001, n=15, 15), day 19 (U=50,  Z=2.592, p=0.009, 
n=15, 15) and day 47 (U=25, Z=-3.172, p=0.001, n=15, 12), with no significant difference on 
day 0 (U=104, Z=0.353, p=0.744, n=15, 15),  day 7 (U=80, Z=1.348, p=0.187, n=15, 15), 
day 34 (U=7, Z=-1.588, p=0.136, n=12, 3) and day 40 (U=51.5, Z=-0.467, p=0.647, n=13, 9). 
The photosynthetic efficiency of treatment plants was lower on day 13 and 19, and greater 
on day 47 [Figure 4. 25]. The photosynthetic efficiency of treatment plants was also greater 
on day 0 vs 7, 13, 19 and 40, and lower on day19 vs 47 [Appendix 3, Table XVI]. 
There was a significant in the stomatal conductance of leaves on control vs treatment plants 
on day 7 (U=32, Z=3.339, p<0.001, n=15, 15), day 13 (U=46, Z=2.147, p=0.0321, n=15, 12) 
and day 19 (U=3, Z=4.353, p<0.001, n=15, 13) and day 34 (U=0, Z=2.496, p=0.009, n=9, 3), 
with no significant difference on day 0 (U=101, Z=0.477, p=0.653, n=15, 15), day 40 
(U=46.5, Z=0.801, p=0.431, n=13, 9) and day 47 (U 85, Z=-0.244, p=0.829, n=15, 12). The 
stomatal conductance of treatment plants was lower on day 7, 13 and 19 [Figure 4.26]. The 
stomatal conductance of treatment plants was also greater on day 0 vs 7, 13, 19 and 34, and 
lower on day 19 vs 40 and 47 [Appendix 3, Table XVII].  
Chlorophyll a fluorescence (Fv/Fm) values were never below 0.7 in control plants during 
drought or recovery phases of the experiment [Figure 4.26].  Both chlorophyll a fluorescence 
and stomatal conductance [Figure 4.28] values are very scattered, particularly in control 
plants during drought and recovery phases, but values for treatment plants during the 
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drought phase suggest a decrease in photosynthetic efficiency and stomatal conductance 
with a decrease in volumetric moisture content. 
Photosynthetic and transpiration rates had not returned to pre-drought control condition after 
the recovery phase in Lycium ferocissimum [Figures 4.29 and 4.30]. 
 
 
Figure 4.36 Mean (bars represent ± 1 S.E.) chlorophyll a fluorescence [] (n=15) and mean 
volumetric moisture content [] (n=5) in control [fill] and treatment [no fill] Lycium 
ferocissimum plants during drought (Day 0 to 19) and recovery (Day 34 to 47) phases. 
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Figure 4.37 Mean chlorophyll a fluorescence (n=3) vs volumetric moisture content (n=1) in 
control [fill] and treatment [no fill] Lycium ferocissimum plants during drought [] and 
recovery [] phases. 
 
Figure 4.38 Mean (bars represent ± 1 S.E.) stomatal conductance [] (n=15) and mean 
volumetric moisture content [] (n=5) in control [fill] and treatment [no fill] Lycium 
ferocissimum plants during drought (Day 0 to 19) and recovery (Day 34 to 47) phases. 
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Figure 4.39 Mean stomatal conductance (n=3) vs volumetric moisture content (n=1) in 
control [fill] and treatment [no fill] Lycium ferocissimum plants during drought [] and 
recovery [] phases. 
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Figure 4.40 Photosynthesis-irradiance curves for Lycium ferocissimum in control, drought 
and recovery conditions. 
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Figure 4.41 Transpiration-irradiance curves for Lycium ferocissimum in control, drought and 
recovery conditions. 
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4.3.6 Olea europaea subsp. africana  
In Olea europaea subsp. africana, volumetric soil moisture content was significantly 
correlated with leaf temperature (r =-0.34, t(n-2)=-5.182, p<0.001, n=208), stomatal 
conductance (r =0.417, t(n-2)= 6.582, p<0.001, n=208) and photosynthetic efficiency (r 
=0.149, t(n-2)= 2.169, p=0.031, n=210). Photosynthetic efficiency was significantly 
correlated with leaf temperature (r =-0.232, t(n-2)=-3.426, p=0.001, n=208) and stomatal 
conductance (r = 0.229, t(n-2)=3.374, p=0.015, n=208). Leaf temperature was significantly 
correlated with stomatal conductance (r =-0.255, t(n-2)=-3.779, p<0.001, n=208). 
There was a significant difference in the volumetric moisture content of soil in control vs 
treatment pots on day 7 (U=1.5, Z=2.29, p=0.016, n=5, 5), day 13 (U=0.5, Z=2.507, p=0.008, 
n=5, 5) and day 19 (U=0, Z=2.611, p=0.008, n=5, 5), with no significant difference on day 0 
(U=10, Z=0.522, p=0.69, n=5, 5), day 34 (U=12.5, Z=0, p=1, n=5, 5), day 40 (U=5.5, Z=-
1.462, p=0.151, n=5, 5) and day 47 (U=7.5, Z=-1.044, p=0.31, n=5, 5). Volumetric moisture 
content of soil was greater in control pots than in treatment pots on day 7, 13, 19 [Figures 
4.31 and 4.33]. Volumetric moisture content was also lower in treatment pots on day 0 vs 7, 
13, 19 and 34, and lower on day 19 vs 40 and 47 [Appendix 3, Table XVIII]. 
There was a significant difference in the photosynthetic efficiency of control vs treatment 
plants on day 7 (U=61.5, Z=2.115, p=0.033, n=15, 15), day 19 (U=33.5, Z=3.277, p=0.001, 
n=15, 15), day  34 (U=9.5, Z=4.272, p<0.001, n=15, 15), day 40 (U=40, Z=3.007, p=0.002, 
n=15, 15) and day 47 (U=52, Z=-2.509, p=0.011, n=15, 15), with no significant difference on 
day 0 (U=100.5, Z=0.498, p=0.624, n=15, 15) and day 13 (U=72, Z=1.679, p=0.098, n=15, 
15). Photosynthetic efficiency was lower in treatment plants on day 7, 19, 34 and 40, and 
greater on day 47 [Figure 4.31]. Photosynthetic efficiency was also greater in treatment 
plants on day 0 vs 34, and lower on day 19 vs 47 [Appendix 3, Table XIX]. 
There was significant difference in the stomatal conductance of leaves on control vs 
treatment plants on day 7 (U=15, Z=3.8, p<0.001, n=15, 13), day 13 (U=35, Z=3.215, 
p<0.001, n=15, 15), day 19 (U=14, Z=4.086, p<0.001, n=15, 15) and day 34 (U=45, Z=2.8, 
p=0.004, n=15, 15), with no significant difference on day 0 (U=107, Z=-0.228 , p=0.838, 
n=15, 15), day 40 (U=66, Z=1.929, p=0.056, n=15, 15) and day 47 (U=83, Z=1.224, 
p=0.233, n=15, 15). The stomatal conductance of control plants was greater than that of 
treatment plants on day 7, 13, 19 and 34 [Figure 4.33]. The stomatal conductance of 
treatment plants was also greater on day 0 vs 7, 13, 19, 34 and 40, and lower on day 19 vs 
34, 40 and 47 [Appendix 3, Table XX]. 
Chlorophyll a fluorescence (Fv/Fm) values were never below 0.7 in control plants, or below 
0.2 in treatment plants, during drought or recovery phases of the experiment [Figure 4.32]. 
Chlorophyll a fluorescence and stomatal conductance [Figure 4.34] treatment values during 
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the drought phase suggest a decrease in photosynthetic efficiency and stomatal 
conductance with a decrease in volumetric moisture content. 
Photosynthetic and transpiration rates had not returned to pre-drought control condition after 
the recovery phase in Olea europaea, but photosynthetic rate was very close to approaching 
pre-drought control condition after recovery [Figures 4.35 and 4.36]. 
 
 
Figure 4.42 Mean (bars represent ± 1 S.E.) chlorophyll a fluorescence [] (n=15) and mean 
volumetric moisture content [] (n=5) in control [fill] and treatment [no fill] Olea europaea 
plants during drought (Day 0 to 19) and recovery (Day 34 to 47) phases. 
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Figure 4.43 Mean chlorophyll a fluorescence (n=3) vs volumetric moisture content (n=1) in 
control [fill] and treatment [no fill] Olea europaea plants during drought [] and recovery [] 
phases. 
 
 
Figure 4.44 Mean (bars represent ± 1 S.E.) stomatal conductance [] (n=15) and mean 
volumetric moisture content [] (n=5) in control [fill] and treatment [no fill] Olea europaea 
plants during drought (Day 0 to 19) and recovery (Day 34 to 47) phases. 
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Figure 4.45 Mean (bars represent ± 1 S.E.) stomatal conductance (n=3) vs volumetric 
moisture content (n=1) in control [fill] and treatment [no fill] Olea europaea plants during 
drought [] and recovery [] phases. 
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Figure 4.46 Photosynthesis-irradiance curves for Olea europaea subsp. africana in control, 
drought and recovery conditions 
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Figure 4.47 Transpiration-irradiance curves for Olea europaea subsp. africana in control, 
drought and recovery conditions 
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4.3.7 Portulacaria afra  
In Portulacaria afra, leaf temperature was significantly correlated with volumetric soil 
moisture content (r =-0.214, t(n-2)=-2.9, p=0.004, n=177), stomatal conductance (r =-0.36, 
t(n-2)=-5.097, p<0.001, n=177) and photosynthetic efficiency (r =-0.162, t(n-2)=-2.172, 
p=0.031, n=177).  
There was a significant difference in the volumetric moisture content of soil in control vs 
treatment pots on day 13 (U=2, Z=2.193, p=0.032, n=5, 5) and day 19 (U=0, Z=2.611, 
p=0.008, n=5, 5), with no significant difference on day 0 (U=7, Z=1.149, p=0.31, n=5, 5), day 
7 (U=3, Z=1.984, p=0.056, n=5, 5), day 34 (U=10, Z=0.522, p=0.69, n=5, 5), day 40 (U=11, 
Z=-0.313, p=0.841, n=5, 5) and day 47 (U=6, Z=-1.358, p=0.222, n=5, 5). The volumetric 
moisture content of soil in control pots was greater than that of treatment pots on day 13 and 
19 [Figures 4.37 and 4.39]. Volumetric moisture content in treatment pots was also greater 
on day 0 vs 13, 19 and 34, and lower on day 19 vs 47 [Appendix 3, Table XXI]. 
There was no significant difference in photosynthetic efficiency of control vs treatment plants 
on any of the days measured [Figure 4.37, Appendix 3, Table XXII]. There was also no 
significant difference in the photosynthetic efficiency of control and treatment plants between 
days measured [Appendix 3, Table XXIII]. Mean chlorophyll a fluorescence (Fv/Fm) values 
are, in fact, greater in control plants on all of the days measured, except day 7. This 
suggests that Portulacaria afra is sensitive to overwatering, or shows increased chlorophyll a 
fluorescence values under drought stress.  
There was a significant difference in the stomatal conductance of leaves on control vs 
treatment plants on day 13 (U=19, Z=2.361, p=0.017, n=1) and day 40 (U=48, Z=2.488, 
p=0.012, n=15, 14), with no significant difference on day 0 (U=92.5, Z0.546, p=0.590, n=15, 
4), day 7 (U=79, Z=0.182, p=0.878, n=15, 11), day 19 (U=52, Z=-0.434, p=0.695, n=9, 13), 
day 34 (U=47.5, Z=-0.735, p=0.471, n=13, 9) and day 47 (U=66, Z=1.171, p=0.256, n=12, 
15). The stomatal conductance of control plants was greater than that of treatment plants on 
day 13 and 40 [Plate 4.4, Figure 4.39]. The stomatal conductance of treatment plants were 
also greater on day 0 vs 13, 40 and 47, and greater on day 19 vs 40 and 47 [Appendix 3, 
Table XXIV]. 
There is a great degree of scatter in chlorophyll a fluorescence (Fv/Fm) [Figure 4.38] and 
stomatal conductance [Figure 4.40] values plotted against volumetric moisture content, and 
no discernible trend of decreased photosynthetic efficiency and stomatal conductance with 
increasing drought, and increased photosynthetic efficiency and stomatal conductance after 
recovery, over time in Portulacaria afra plants. Chlorophyll a fluorescence values were never 
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below 0.4 in control and treatment plants, with most values falling between 0.7 and 0.8. 
Compared to Crassula ovata, P. afra showed greater chlorophyll a fluorescence and 
stomatal conductance values in both control and treatment plants, during drought and 
recovery phases. The volumetric moisture content of soil in P. afra control and treatment 
pots was also lower – suggesting that P. afra may transpire more water than C. ovata.  
Photosynthesis- and transpiration-irradiance curves [Figures 4.41 and 4.42] for Portulacaria 
afra indicate that control photosynthetic and transpiration rates had been recovered, and 
exceeded during the recovery phase – compared to Crassula ovata, where photosynthetic 
rate had not returned to control conditions, but transpiration rate was greater after recovery 
than during control conditions. 
 
 
Plate 4.10 Portulacaria afra Jacq. drought-stressed („treatment‟) plant.  
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Figure 4.48 Mean (bars represent ± 1 S.E.) chlorophyll a fluorescence [] (n=15) and mean 
volumetric moisture content [] (n=5) in Control [fill] and Treatment [no fill] Portulacaria afra 
plants during drought (Day 0 to 19) and recovery (Day 34 to 47) phases. 
 
Figure 4.49 Mean chlorophyll a fluorescence (n=3) vs volumetric moisture content (n=1) in 
control [fill] and treatment [no fill] Portulacaria afra plants during drought [] and recovery 
[] phases. 
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Figure 4.50 Mean (bars represent ± 1 S.E.) stomatal conductance [] (n=15) and mean 
volumetric moisture content [] (n=5) in control [fill] and treatment [no fill] Portulacaria afra 
plants during drought (Day 0 to 19) and recovery (Day 34 to 47) phases. 
 
 
Figure 4.51 Mean stomatal conductance (n=3) vs volumetric moisture content (n=1) in 
control [fill] and treatment [no fill] Portulacaria afra plants during drought [] and recovery 
[] phases. 
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Figure 4.52 Photosynthesis-irradiance curves for Portulacaria afra in control, drought and 
recovery conditions. 
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Figure 4.53 Transpiration-irradiance curves for Portulacaria afra in control, drought and 
recovery conditions. 
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4.3.8 Putterlickia pyracantha  
In Putterlickia pyracantha, volumetric soil moisture content was significantly correlated with 
leaf temperature (r =-0.515, t(n-2)=-8.002, p<0.001, n=179), stomatal conductance (r 
=0.395, t(n-2)=5.723, p<0.001, n=179) and photosynthetic efficiency (r =0.244, t(n-2)=3.387, 
p=0.001, n=183). Leaf temperature was significantly correlated with stomatal conductance (r 
=-0.307, t(n-2)=-4.286, p<0.001, n=179) and photosynthetic efficiency (r =-0.155, t(n-2)=-
2.082, p=0.039, n=179). Stomatal conductance was significantly correlated with 
photosynthetic efficiency (r =0.149, t(n-2)=2.01, p=0.046, n=179). 
There was a significant difference in the volumetric moisture content of soil in control vs 
treatment pots on day 7 (U=1, Z=2.403, p=0.016, n=5, 5), day 13 (U=0, Z=2.611, p=0.008, 
n=5, 5) and day 19 (U=0, Z=2.611, p=0.008, n=5, 5), with no significant difference on day 0 
(U=6.5, Z=1.253, p=0.222, n=5, 5), day 34 (U=5, Z=1.567, p=0.151, n=5, 5), day 40 (U=8, 
Z=-0.94, p=0.421, n= 5, 5) and day 47 (U=5, Z=-1.567, p=0.151, n=5, 5). Volumetric 
moisture content of soil was greater in control pots than in treatment pots on day 7, 13 and 
19 [Figure 4.43 and 4.45]. The volumetric moisture content of soil in treatment pots was also 
greater on day 0 vs 7, 13, 19 and 34, and lower on day 19 vs 34, 40 and 47 [Appendix 3, 
Appendix XXV].  
There was a significant difference in the photosynthetic efficiency of control vs treatment 
plants on day 19 (U=30, Z=3.422, p<0.001, n=15, 15) and day 40 (U=25, Z=2.061, p=0.041, 
n=12, 9), with no significant difference on day 0 (U=97, Z=0.643, p=0.539, n=15, 15), day 7 
(U=100, Z=-0.518, p=0.624, n=15, 15), day 13 (U=74.5, Z=1.576, p=0.116, n=15, 15), day 
34 (U=31, Z=1.09, p=0.302, n=15, 6) and day 47 (U=35, Z=-0.778, p=0.47, n=15, 6). The 
photosynthetic efficiency of control plants was greater than that of treatment plants on day 
19 and 40 [Figure 4.43]. The photosynthetic efficiency of treatment plants was also greater 
on day 0 vs 19 and 40, and lower on day 19 vs 47 [Appendix 3, Table XXVI]. 
There was a significant difference in the stomatal conductance of control and experimental 
plants on day 13 (U=5, Z=4.459, p<0.001, n=15, 15) and day 19 (U=14, Z=3.555, p<0.001, 
n=15, 11), with no significant difference on day 0 (U=86, Z=-1.099, p=0.285, n=15, 15), day 
7 (U=92, Z=0.85, p=0.412, n=15, 15), day 34 (U=38, Z=-0.545, p=0.622, n=15, 6), day 40 
(U= 43, Z=0.782, p=0.464, n=12, 9) and day 47 (U=40, Z=-0.389, p=0.733, n=15, 6). The 
stomatal conductance of control plants was greater than that of treatment plants on day 13 
and day 19 [Plate 4.5, Figure 4.45]. The stomatal conductance of treatment plants was also 
greater on day 0 vs 13 and 19, and lower on day 19 vs 34, 40 and 47 [Appendix 3, Table 
XXVII].  
Except for a few outliers, chlorophyll a fluorescence (Fv/Fm) values were between 0.6 and 
0.8 in both control and treatment plants during drought and recovery phases [Figure 4.44]. 
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There was a great deal of scatter, however, in stomatal conductance [Figure 4.46] values in 
both control and treatment plants during the drought phase, with control and treatment 
values plotting closer together during the recovery phase. There appears to be a trend of 
increased chlorophyll a fluorescence and stomatal conductance with increased volumetric 
moisture content during the recovery phase.  
Photosynthetic rate had not returned to pre-drought control condition after the recovery 
phase in Putterlickia pyracantha, with recovery photosynthetic rates showing a great degree 
of scatter with increased irradiance [Figures 4.47]. Transpiration rate, however, had returned 
to control condition during recovery, to a rate that far exceeds control conditions [Figure 
4.48].  
 
 
Plate 4.11 Putterlickia pyracantha (L.) Szyszyl. drought-stressed („treatment‟) plant at the 
end of the drought phase. 
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Figure 4.54 Mean (bars represent ± 1 S.E.) chlorophyll a fluorescence [] (n=15) and mean 
volumetric moisture content [] (n=5) in control [fill] and treatment [no fill] Putterlickia 
pyracantha plants during drought (Day 0 to 19) and recovery (Day 34 to 47) phases. 
 
Figure 4.55 Mean chlorophyll a fluorescence (n=3) vs volumetric moisture content (n=1) in 
control [fill] and treatment [no fill] Putterlickia pyracantha plants during drought [] and 
recovery [] phases. 
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Figure 4.56 Mean (bars represent ± 1 S.E.) stomatal conductance [] (n=15) and mean 
volumetric moisture content [] (n=5) in control [fill] and treatment [no fill] Putterlickia 
pyracantha plants during drought (Day 0 to 19) and recovery (Day 34 to 47) phases. 
 
 
Figure 4.57 Mean stomatal conductance (n=3) vs volumetric moisture content (n=1) in 
control [fill] and treatment [no fill] Putterlickia pyracantha plants during drought [] and 
recovery [] phases. 
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Figure 4.58 Photosynthesis-irradiance curves for Putterlickia pyracantha in control, drought 
and recovery conditions. 
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Figure 4.59 Transpiration-irradiance curves for Putterlickia pyracantha in control, drought 
and recovery conditions. 
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4.3.9 Rhigozum obovatum  
In Rhigozum obovatum, volumetric soil moisture content was significantly correlated with leaf 
temperature (r =-0.293, t(n-2)=-4.794, p<0.001, n=246),  stomatal conductance (r =0.644, 
t(n-2)=13.164, p<0.001, n=246) and photosynthetic efficiency (r =0.246, t(n-2)=4.006, 
p<0.001, n=252). Leaf temperature was significantly correlated with stomatal conductance (r 
=-0.326, t(n-2)=-5.39, p<0.001, n=246) and photosynthetic efficiency (r =-0.137, t(n-2)=-2.15, 
p=0.032, n=246). Stomatal conductance was significantly correlated with photosynthetic 
efficiency (R=0.215, t(n-2)=3.432, p=0.001, n=249). 
There was no significant difference in the volumetric moisture content of soil in control vs 
treatment pots on any of the days measured [Figures 4.49 and 4.51, Appendix 3, Table 
Table XXVIII]. Volumetric moisture content of soil in treatment plants were, however, greater 
on day 0 vs 7, 13, 19, 34, 40 and 47, and lower on day 19 vs 40 and 47 [Appendix 3, Table 
XXIX]. 
There was a significant difference in the photosynthetic efficiency of control vs treatment 
plants on day 19 (U=88, Z=2.341, p=0.019, n=18, 18), with no significant difference on any 
of the other days measured [Figure 4.49, Appendix 3, Table XXX]. The photosynthetic 
efficiency of treatments plants was greater on day 0 vs 19, greater on day 0 vs 34, and 
significantly lower on day 19 vs 47 [Appendix, Table XXXI]. 
There was a significant difference in the stomatal conductance of leaves on control vs 
treatment plants on day 0 (U=86, Z=-2.405, p=0.016, n=18, 18), day 13 (U=48, Z=3.607, 
p<0.001, n=18, 18) and day 19 (U=50.5, Z=3.226, p=0.001, n=18, 16), with no significant 
difference on day 7 (U=121, Z=1.297, p=0.203, n=18, 18), day 34 (U=105.5, Z=1.328, 
p=0.187, n=18, 16), day 40 (U=125, Z=-0.656, p=0.528, n=16, 18) and day 47 (U=122, Z=-
1.266, p=0.214, n=18, 18). The stomatal conductance of control plants was lower than that 
of treatment plants on day 0, and greater on day 13 and 19 [Plate 4.6, Figure 4.51]. The 
stomatal conductance of treatment plants were greater on day 0 vs 13, 19, 34, 40 and 47, 
and lower on day 19 vs 34, 40 and 47 [Appendix 3, Table XXXII]. 
Chlorophyll a fluorescence (Fv/Fm) values were greater than 0.7, and mostly centred around 
0.8 in control and treatment plants during drought and recovery phases, with only a few 
values lower than 0.7 in treatment plants during the drought phase [Figure 4.50]. A slight 
trend of decreased chlorophyll a fluorescence is evident at the lowest volumetric moisture 
content values. Stomatal conductance values are very scattered [Figure 4.52], but there 
appears to be a trend of increased stomatal conductance with increased volumetric 
moisture, particularly in treatment plants during the recovery phase.  
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Photosynthetic rate had not recovered to the control condition during the recovery phase, but 
was fast approaching the control condition [Figure 4.53]. Transpiration rate had not 
recovered, with, but was already far greater after recovery than during drought [Figure 4.54]. 
 
Plate 4.12 Rhigozum obovatum Burch. drought-stressed („treatment‟) plant at the end of the 
drought phase. 
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Figure 4.60 Mean (bars represent ± 1 S.E.) chlorophyll a fluorescence [] (n=18) and mean 
volumetric moisture content [] (n=6) in control [fill] and treatment [no fill] Rhigozum 
obovatum plants during drought (Day 0 to 19) and recovery (Day 34 to 47) phases. 
 
Figure 4.61 Mean chlorophyll a fluorescence (n=3) vs volumetric moisture content (n=1) in 
control [fill] and treatment [no fill] Rhigozum obovatum plants during drought [] and 
recovery [] phases. 
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Figure 4.62 Mean (bars represent ± 1 S.E.) stomatal conductance [] (n=18) and mean 
volumetric moisture content [] (n=6) in control [fill] and treatment [no fill] Rhigozum 
obovatum plants during drought (Day 0 to 19) and recovery (Day 34 to 47) phases. 
 
Figure 4.63 Mean stomatal conductance (n=3) vs volumetric moisture content (n=1) in 
control [fill] and treatment [no fill] Rhigozum obovatum plants during drought [] and 
recovery [] phases. 
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Figure 4.64 Photosynthesis-irradiance curves for Rhigozum obovatum in control, drought 
and recovery conditions. 
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Figure 4.65 Transpiration-irradiance curves for Rhigozum obovatum in control, drought and 
recovery conditions. 
157 
 
4.3.10 Searsia longispina  
In Searsia longispina, volumetric soil moisture content was significantly correlated with 
stomatal conductance (r =0.251, t(n-2)=3.07, p=0.003, n=142) and photosynthetic efficiency  
(r =0.188, t(n-2)=2.326, p=0.021, n=149). Leaf temperature was significantly correlated with 
photosynthetic efficiency (r =-0.243, t(n-2)=-2.96, p=0.004, n=142). 
There was a significant difference in the volumetric moisture content of soil in control vs 
treatment pots on day 19 (U=0, Z=2.309, p=0.029, n=4, 4), with no significant difference on 
any of the other days measured [Appendix 3, Table Table XXXIII]. The volumetric moisture 
content of soil in control pots was greater than that of treatment pots on day 19 [Figures 4.55 
and 4.57]. The volumetric moisture content of soil in control pots was greater than that of 
treatment pots on day 0 vs 7, 13, 19 and 34, and lower on day 19 vs 34, 40 and 47 
[Appendix 3, Table XXXIV]. 
The photosynthetic efficiency of control plants was significantly greater than that of treatment 
plants on day 34 (U=6, Z=2.81, p=0.003, n=12, 6), with no significant difference on any of 
the other days measured [Figure 4.55, Appendix 3, Table XXXV]. The photosynthetic 
efficiency of treatment plants was greater on day 0 vs 34 [Appendix 3, Table XXXVI]. 
There was a significant difference in the stomatal conductance of leaves on control vs 
treatment plants measured on day 13 (U=23, Z=2.203, p=0.028, n=12, 9) and day 19 (U=25, 
Z=2.061, p=0.041, n=12, 9), with no significant difference on day 0 (U=65, Z=0.404, 
p=0.713, n=12, 12), day 7 (U=35, Z=1.648, p=0.107, n=12, 10), and day 34 (U=16, Z=1.873, 
p=0.067, n=12, 6), day 40 (U=23, Z=1.218, p=0.25, n=12, 6) and day 47 (U=32, Z=0.375, 
p=0.75, n=12, 6). The stomatal conductance of control plants was greater than that of 
treatment plants on day 13 and 19 [Figure 4.57]. The stomatal conductance of treatment 
plants was greater on day 0 vs 34 [Appendix 3, Table XXXVII].  
There is no discernible trend evident in chlorophyll a fluorescence [Figure 4.56] and stomatal 
conductance [Figure 4.58] values plotted against volumetric content, of decreased 
photosynthetic efficiency and stomatal conductance with decreased volumetric moisture 
content. Chlorophyll a fluorescence (Fv/Fm) values ranged mostly between 0.6 and 0.8, or 
greater in control plants, with a few outlier values below 0.6 in treatment plants during the 
drought phase.  
Photosynthetic rate had not recovered to the control condition during the recovery phase, but 
was fast approaching the control condition [Figure 4.59]. Transpiration rate had recovered to, 
and exceeded the pre-drought control condition [Figure 4.60]. 
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Figure 4.66 Mean (bars represent ± 1 S.E.) chlorophyll a fluorescence [] (n=12) and mean 
volumetric moisture content [] (n=4) in control [fill] and treatment [no fill] Searsia longispina 
plants during drought (Day 0 to 19) and recovery (Day 34 to 47) phases. 
 
Figure 4.67 Mean chlorophyll a fluorescence (n=3) vs volumetric moisture content (n=1) in 
control [fill] and treatment [no fill] Searsia longispina plants during drought [] and recovery 
[] phases. 
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Figure 4.68 Mean (bars represent ± 1 S.E.) stomatal conductance [] (n=12) and mean 
volumetric moisture content [] (n=4) in control [fill] and treatment [no fill] Searsia longispina 
plants during drought (Day 0 to 19) and recovery (Day 34 to 47) phases. 
 
Figure 4.69 Mean stomatal conductance (n=3) vs volumetric moisture content (n=1) in 
control [fill] and treatment [no fill] Searsia longispina plants during drought [] and recovery 
[] phases. 
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Figure 4.70 Photosynthesis-irradiance curves for Searsia longispina in control, drought and 
recovery conditions. 
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Figure 4.71 Transpiration-irradiance curves for Searsia longispina in control, drought and 
recovery conditions. 
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4.3.11 Comparison of responses 
Volumetric moisture content, photosynthetic efficiency and stomatal conductance 
The mean volumetric moisture content of soil in treatment pots was considerably lower than 
that in the control pots during drought conditions in most species. Volumetric moisture 
content was never below 20% in all of the control pots (Figure 4.61). Crassula ovata, 
Portulacaria afra and Rhigozum obovatum, however, maintained soil volumetric moisture 
contents above 5% during drought, suggesting that these species have a better water-use 
efficiency than other species.  
The greater mean soil volumetric moisture content in Gymnosporia buxifolia, Lycium 
ferocissimum and Searsia longispina after recovery is mostly likely due to the presence of 
bare-stemmed and/or dead treatment plants in pots, and pots, therefore, not losing water to 
transpiration. 
 
Figure 4.72 Mean volumetric moisture content of soil in treatment pots of all ten species 
during control (Day 0), drought (Day 19) and recovery (Day 47) conditions (n=5). 
Mean chlorophyll a fluorescence (Fv/Fm) values were greater than 0.6 in all species during 
control, drought and recovery conditions (Figure 4.62), except for Crassula ovata and 
Putterlickia pyracantha during drought conditions. Crassula ovata had the highest mean 
photosynthetic efficiency during drought conditions, despite mean soil volumetric moisture 
content being below 10% at the time, as well as Portulacaria afra. This suggests that 
chlorophyll a fluorescence values increased, instead of decreased during drought stress in 
C. ovata and P. afra, which could be attributed to a build-up of chlorophyll a during drought 
stress, or plants experiencing optimal conditions for photosynthesis during the drought 
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phase i.e. lower soil moisture associated with higher temperature and light conditions. In 
Gymnosporia buxifolia treatment plants, leaves had all wilted and shrunk by the end of the 
drought phase, with most plants not dying within the three weeks after rewatering – hence 
no recovery photosynthetic measurements were obtained for G. buxifolia. The greatest 
reduction in mean photosynthetic efficiency, relative to drought and recovery conditions, was 
observed in Lycium ferocissimum and Putterlickia pyracantha, though L. ferocissimum 
resprouted leaves within in the 17 days after rewatering, and P. pyracantha continued to 
deteriorate, some individuals dying.  
Lycium ferocissimum treatment plants also had the highest mean chlorophyll a fluorescence 
values during drought and recovery phases – though greater chlorophyll a during recovery is 
mostly likely due to the measurement of newly-sprouted leaves. Species with mean 
chlorophyll a fluorescence values maintained at 0.7 and above during all three conditions, 
were Grewia robusta, Portulacaria afra, Rhigozum obovatum and Searsia longispina. 
 
 
Figure 4.73 Mean photosynthetic efficiency content of treatment plants of all ten species 
during control (Day 0), drought (Day 19) and recovery (Day 47) conditions (n=15). 
 
Stomatal conductance was the most variable physiological parameter measured within and 
between species – though a consistent pattern of reduced stomatal conductance during 
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
C
. 
o
v
a
ta
E
. 
ri
g
id
a
G
. 
ro
b
u
s
ta
G
. 
b
u
x
if
o
lia
L
. 
fe
ro
c
is
s
im
u
m
O
. 
e
u
ro
p
a
e
a
P
. 
a
fr
a
P
. 
p
y
ra
c
a
n
th
a
R
. 
o
b
o
v
a
tu
m
S
. 
lo
n
g
is
p
in
aM
e
a
n
 p
h
o
to
s
y
n
th
e
ti
c
 e
ff
ic
ie
n
c
y
 (
F
v
/F
m
) 
 
Species 
Control Drought Recovery
163 
 
drought conditions is found all species (Figure 4.63), except in Crassula ovata, which also 
showed greater mean photosynthetic efficiency during drought conditions (Figure 4.62). 
Greatest mean stomatal conductance was observed in Ehretia rigida, particularly in the 
recovery condition – most likely due to the measurement of new leaves produced after 
rewatering. New leaves on E. rigida are hairy, and not smooth and shiny like mature leaves, 
thismaintaining high humidity at the leaf surface, allowing for higher stomatal conductance 
during drought conditions. Mean stomatal conductance was greater than 160 mmol H2O m
-2 
s-1 after recovery, and greater than 60 mmol H2O m
-2 s-1 during drought, Portulacaria afra 
being the only other species with high stomatal conductance during drought.  
The mean stomatal conductance of six of the ten species were below 40 mmol H2O m
-2 s-1 
during drought i.e. Crassula ovata, Gymnosporia buxifolia, Lycium ferocissimum, Olea 
europaea, Putterlickia pyracantha and Rhigozum obovatum. All of these species, other than 
G. buxifolia, recovered mean stomatal conductance to close to that of control conditions. 
Ehretia rigida, O. europaea and R. obovatum all had the greatest control mean stomatal 
conductance values, at over 100 mmol H2O m
-2 s-1. Ehretia rigida, Grewia robusta, L. 
ferocissimum, P. pyracantha and Searsia longispina all had mean stomatal conductance 
values close to, or greater than, 100 mmol H2O m
-2 s-1 after recovery.  
The maintenance of stomatal conductance during drought is not an indication of 
photosynthetic efficiency i.e. the health and maintenance of optimal photochemical reactions 
during photosynthesis, but the presence of continued stomatal conductance during drought 
may be an indication of high water-use efficiency even during drought, allowing 
photosynthesis to continue during adverse conditions. Increased stomatal conductance with 
increased soil volumetric moisture content is an indication that photosynthetic and 
respiration rates are returning to that of optimal conditions.  
High stomatal conductance may, however, be a function of high light, requiring higher 
carbon dioxide uptake for photosynthesis; higher humidity, or increased carbon dioxide 
levels, as experienced in glasshouse and growth cabinet environments (Leaf Porometer 
Operator‟s Manual). During overcast conditions, or in shade, stomatal conductance is lower 
than when in high sunlight (Leaf Porometer Operator‟s Manual). At extreme high or low 
temperatures, photosynthetic rate is slowed or halted, which causes decreased, or halted 
stomatal conductance (Leaf Porometer Operator‟s Manual). 
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Figure 4.74 Mean stomatal conductance of treatment plants of all ten species during control 
(Day 0), drought (Day 19) and recovery (Day 47) conditions (n=15). 
 
In all ten Thicket species investigated, and for all seven datasets or „Days‟, there was a 
significant difference in the mean volumetric moisture content (  
  =66.405, p<0.001, n=14), 
mean photosynthetic efficiency (  
  = 54.016, p<0.001, n=14) and mean stomatal 
conductance (  
  = 77.751, p<0.001, n=14) of control and treatment plants.  
There was also a significant difference in the response of succulent species i.e. Crassula 
ovata and Portulacaria afra, and woody species i.e. Ehretia rigida, Grewia robusta, 
Gymnosporia buxifolia, Lycium ferocissimum, Putterlickia pyracantha, Rhigozum obovatum 
and Searsia longispina, to drought and rewatering phases in terms of mean volumetric 
moisture content [Appendix 3, Tables XXXVIII and XXXIX], mean photosynthetic efficiency 
[Appendix 3, Tables XL and XLI] and mean stomatal conductance [Appendix 3, Tables XLII 
and XLIII] in control and treatment plants for all seven datasets or „Days‟. 
The mean volumetric moisture content of soil in Crassula ovata control and treatment plants 
was significantly different to that of all species other than  Searsia longispina – compared to 
Portulacaria afra, which differed significantly from Grewia robusta and S. longispina.  Mean 
photosynthetic efficiency of C. ovata was significantly different to that of all species, but 
Gymnosporia buxifolia – compared to P. afra, which differed significantly from G. robusta, G. 
buxifolia and Rhigozum obovatum. Mean stomatal conductance of leaves on C. ovata was 
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significantly different to that of all species tested – compared to P. afra, which differed 
significantly from Ehretia rigida, G. robusta, G. buxifolia and S. longispina.  
Photosynthetic and transpiration rates 
During control conditions, Lycium ferocissimum (105 µmol CO2 m
-2 s-1), Rhigozum obovatum 
(55 µmol CO2 m
-2 s-1) and Grewia robusta (53 µmol CO2 m
-2 s-1) treatment plants had the 
greatest maximum photosynthetic rates (Pmax, Table IV). During drought conditions, L. 
ferocissimum (43 a µmol CO2 m
-2 s-1), G. robusta (19 µmol CO2 m
-2 s-1) and Olea europaea 
(7 µmol CO2 m
-2 s-1) had the greatest maximum photosynthetic rates. After recovery, 
maximum photosynthetic rates were greatest in Putterlickia pyracantha                              
(72 µmol CO2 m
-2 s-1), G. robusta (51 µmol CO2 m
-2 s-1) and L. ferocissimum (46 µmol CO2 
m-2 s-1). 
Crassula ovata shows a lower mean chlorophyll a fluorescence, mean stomatal 
conductance, and slower photosynthetic and transpiration rates than Portulacaria afra during 
control, drought and recovery conditions – making P. afra the „superior‟ succulent, by far.   
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Table IV. R-squared, Pmax and Ik values, and volumetric moisture content at the time of 
measurement, during control, drought and recovery conditions (Fit: Jassby and Platt (1976), 
n = 1 per „condition‟) 
Species Parameter Control Drought Recovery 
Crassula ovata R
2
 0.915 0.984 0.983 
Pmax 5.846 -4.122 -11.614 
Ik 109.419 -202.294 -90.352 
VMC 22.8 7.6 47.8 
Ehretia rigida R
2
 0.998 0.995 0.991 
Pmax 42.890 -7.168 31.107 
Ik 72.880 -56.629 176.964 
VMC 24.7 1.7 49.8 
Grewia robusta R
2
 0.988 0.846 0.992 
Pmax 52.778 19.357 51.137 
Ik 239.834 123.434 244.039 
VMC 33.1 1.2 32.6 
Gymnosporia buxifolia R
2
 0.979 – 0.923 
Pmax 19.118 – 16.300 
Ik 224.578 – 186.667 
VMC 34.6 0 19.3 
Lycium ferocissimum R
2
 0.972 0.915 0.990 
Pmax 105.132 43.049 46.284 
Ik 142.019 67.315 145.160 
VMC 19.3 0 37.5 
Olea europaea R
2
 0.988 0.874 0.981 
Pmax 46.231 6.633 34.522 
Ik 237.367 55.580 223.775 
VMC 34.6 1.2 23.8 
Portulacaria afra R
2
 0.927 0.953 0.916 
Pmax 15.618 -3.329 30.737 
Ik 124.664 -186.950 130.771 
VMC 20.8 1.2 22.8 
Putterlickia pyracantha R
2
 0.98489 0.890 0.956 
Pmax 17.341 4.162 71.587 
Ik 118.929 43.069 68.9720 
VMC 29.2 0 27.2 
Rhigozum obovatum R
2
 0.989 0.418 0.970 
Pmax 54.801 -9.039 38.332 
Ik 398.836 -197.696 246.270 
VMC 42.4 1.7 28.7 
Searsia longispina R
2
 0.995515 0.991 0.979809 
Pmax 29.334 -8.161 24.723 
Ik 710.894 -62.252 470.349 
VMC 27.2 0 33.6 
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4.4 Discussion 
4.2.1 Species responses to drought 
Carbon isotope (δ13C) values recorded for Grewia robusta, Lycium tetiandrum (related to L. 
ferocissimum) and Putterlickia pyracantha indicate that these species employ C3 
photosynthetic metabolisms (Mooney et al. 1977). Other species also recorded by Mooney 
et al. (1977) i.e. Pappea capensis, Euclea undulata and Carissa bispinosa, also have δ13C 
values that vary between -28 to -25 ‰, indicating C3 metabolism. 
Gymnosporia buxifolia and various other members of Family Celastraceae, contain 
insecticidal or „anti-feedant‟ chemicals (Bosch 2004). Seeds have a yellow aril (Bosch 2004), 
which is attractive to birds. Putterlickia pyracantha seedlings were found in open, degraded 
Sundays Thicket and Spekboomveld (Sigwela et al. 2009), suggesting that this is a very 
robust species considering that most seedlings in Thicket, degraded or intact, were 
underneath canopy, in cool, moist microsites. Putterlickia pyracantha has been observed to 
spread via ramets in Thicket vegetation (Midgley and Cowling 1993). Out of 43 plots 
assessed at seven different sites in Thicket, where P. pyracantha adult plants were 
observed, only one seedling was found (Midgley and Cowling 1993). Seedlings were found 
in Sundays Thicket, a mean of 8 seedlings m-2, as well as within the germinable seedbank of 
Thicket (Weatherall-Thomas 2009). Seven out of 12 seeds collected from the Karoo 
germinated (Carr 1994). 
With its attractive, sweetly-scented lavender flowers and edible fruits, Ehretia rigida is 
favoured by birds and insects, and is browsed by domestic stock, as well as game (Ndou 
2003). It is susceptible to attack by amaryllis butterfly caterpillars and should be carefully 
monitored (Carr 1994). It is easily propagated from seed and cuttings, which should be 
grown out in pots or bags for a year, before being planted out into the ground (Ndou 2003, 
Mike Powell pers. comm.). It is also a hardy and drought-resistant plant with a fast growth 
rate, if well-watered (Carr 1994), of up to 60 to 70 cm per year (Ndou 2003). Due to its fast 
growth rate, ease of propagation and its ability to attract birds and insects, it had been 
considered a good candidate species for propagation from cuttings (Mike Powell pers. 
comm.), but was not was found at the study site and, therefore, not included in the 
propagation study.   
Olea europaea subsp. africana is frost and wind-resistant, and can tolerate extended periods 
of drought, which makes it an extremely hardy plant (Joffe 2002). Its fruits are browsed by a 
variety of birds and small mammals, as well as domestic stock and game (Joffe 2002). It can 
be propagated from seed or hardwood cuttings, but is a slow-growing species (Joffe 2002). 
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Olea europaea subsp. africana is the only subspecies to occur south of the Zambezi River in 
southern Africa, where it occurs in open woodland to forest, and habitats associated with 
water (AgroForestryTree Database n.d.). Olea europaea subsp. africana has been 
suggested as a candidate species for use in reforestation in semi-arid regions in Africa e.g. 
Rora Habab in Eritrea, due to its high drought tolerance (AgroForestryTree Database n.d.). It 
can be grown from seed, the endocarp of which should be mechanically scarified i.e. 
„cracked‟, to increase germination to up to 92% (AgroForestryTree Database n.d.). Seeds 
can also be stored for years (AgroForestryTree Database n.d.). Cuttings are said to root 
„fairly easily‟ and is improved by applying rooting hormone (AgroForestryTree Database 
n.d.).  
Germination of 31 out of 87 seeds sown within 48 days has been recorded (Carr 1994). 
Seedlings are susceptible to damping-off, and should be carefully watered, growing up to 1.5 
m tall within approximately a year (Carr 1994). Olea europaea spp. seeds can be subjected 
to cold stratification for 60 days to break seed dormancy and promote germination (Beyl 
2008c). Saplings should be planted out into larger containers or open ground as soon as 
possible, to avoid root damage and stunted growth (Carr 1994). 
In fruitless, ornamental varieties of O. europaea, cuttings are difficult to root (Hartmann et al. 
1997), and an intermittent-mist propagation system with the application of a 2000 to 3000 
ppm IBA concentration is recommended. Cuttings can also be grafted onto easy-rooting 
cultivars‟ rootstock (Hartmann et al. 1997). O. europaea subsp. africana has been used as a 
rootstock for commercial olive cultivars (Carr 1994). To improve rooting of O. europaea 
cuttings taken from mature trees, with a lowered ability to form adventitious roots, cuttings 
should be taken from the „cone of juvenility‟ i.e. the youngest part of mature trees i.e. the 
crown of the tree nearest the main trunk (Hartmann et al. 1997). 
Because fertilization and regular irrigation favours shoot growth over root growth, fertilized 
and irrigated seedlings are less drought-tolerant than unfertilized seedlings 
(AgroforestryTree Database n.d.). These seedlings are also less likely to survive being 
transplanted – therefore, fertilization and irrigation should be carefully balanced to ensure 
post-transplantation survival of olive seedlings (AgroForestryTree Database n.d.). 
Aerts et al. (2006) tested the survival of O. europaea subsp. cuspidata Wall. Ex G Don. (=O. 
europaea subsp. africana, „African wild olive‟) seedlings planted on the bare soil between 
shrubs, and under Euclea racemosa subsp. schimperi and Acacia etbaica shrubs/trees, in 
semiarid degraded savanna vegetation. They also tested survival after short, intense spring 
rains that occur from March to April in northern Ethiopia, and longer, summer rains from 
June to September. They found that E. racemosa, which is a large-leaved, evergreen 
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species, promoted the best seedling survival, when seedlings were planted in summer i.e. 
after longer, though less intense rains. Facilitation, through reduced solar radiation, soil 
temperature and, therefore, evapotranspiration, are thought to be the reason for improved 
survival under E. racemosa shrubs. Aerts et al. (2006) also suggest that maintaining 
indigenous pioneer shrub and tree cover to act as facilitators, rather than the common 
practice of clearing shrub cover to reduce competition, will simultaneously maintain 
biodiversity and reduce soil erosion in degraded Afromontane forests. O. europaea subsp. 
cuspidata is said to lack persistent seed banks and instead „form seedling banks on the 
forest floor‟ (Aerts et al. 2006). As olive seedlings naturally establish in the shaded and 
richer, as well as water-holding, soil provided by shrub canopies, planting seedlings under 
shrubs reduces the risk of drought-related mortality (Aerts et al. 2006). 
Percentage strike of lower than 20% in cuttings is considered economically unviable by 
commercial olive growers (Wiesman and Lavee 1995). Olive cuttings have a naturally low 
and slow (approximately two months) rooting ability, with only seven out of 34 olive cultivars 
tested showing „satisfactory rooting ability after application of IBA‟. Wiesman and Lavee 
(1995) found that IBA increases root number, but reduces root length, which leads to low 
cutting survival In olive cuttings treated with IBA. To counteract this, urea-phosphate and 
paclobutrazol were combined with IBA, enhancing the effect of IBA and increasing cutting 
survival of rooted cuttings.  
Based on the timing of the shift in control and treatment plants from „not significantly 
different‟ to „significantly different‟, on the different „Days‟ measured in drought and recovery 
phases i.t.o. change in soil volumetric moisture content, photosynthetic efficiency and 
stomatal conductance – no clear pattern emerges of which species is slowest to a show 
change in treatment plants from the control state, and fastest to return to the control state, 
during drought and recovery phases. The same can be said for differences in control and 
treatment plants between „Days‟ measured. Crassula ovata and Portulacaria afra are the 
highly drought tolerant exceptions, of course, as both species showed no change, or very 
little change, in control vs treatment plants during drought and recovery i.t.o. photosynthetic 
efficiency and stomatal conductance. In the coastal plants Myrica cerifera (L.) and 
Phragmites australis (Cav.) Trin. ex Steud., within five days of experiencing drought, visible 
signs of drought stress were not supported by Fv/Fm values indicative of stress (Naumann et 
al. 2007). Naumann et al. (2007) concluded that “xanthophyll-cycle-dependent energy 
dissipation may be the underlying mechanism in protecting Photosystem II from excess 
energy in salinity- and drought-treated plant”. 
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Based on mean control, drought and recovery states of treatment plants, drought tolerant 
species can be identified. In terms of photosynthetic efficiency, and in addition to Crassula 
ovata and Portulacaria afra – Ehretia rigida, Grewia robusta, Rhigozum obovatum and 
Searsia longispina show the smallest decline during drought, and best recovery to the 
control state after rewatering. In terms of stomatal conductance, the aforementioned 
species, as well as Olea europaea, show the smallest decline during drought, and best 
recovery to the control state after rewatering.  
Crassula ovata, Grewia robusta, Rhigozum obovatum and Searsia longispina were also 
identified as species suited to propagation from stem cuttings – making them good candidate 
species for reintroduction to Thicket restoration sites. Lycium ferocissimum, like other L. 
cinereum and L. oxycarpum tested in the propagation study, is easily propagated from stem 
cuttings (Victoria Wilman pers. comm.). Though it doesn‟t compare well to other species in 
terms of photosynthetic efficiency and stomatal conductance during drought conditions, its 
ability to avoid drought stress through leaf abscission, resprout new leaves soon after 
rewatering, and rapid root and shoot growth evident in rooted cuttings, also makes L. 
ferocissimum a good candidate species for reintroduction to Thicket restoration sites. 
All three objectives set for this drought stress physiology experiment have, therefore, been 
achieved.  
4.4.2 Crassulacean Acid Metabolism in Crassula ovata and Portulacaria afra 
CAM is indicated by carbon isotope (δ13C) ratios greater than -17 ‰ (Mooney et al. 1977). 
Crassulaceae and Euphorbiaceae species tested by Mooney et al. (1977) were found to be 
CAM species, as well as other species found in winter rainfall and year-round rainfall 
regimes in southern Africa. Summer rainfall species tended to have even spread across the 
various types of photosynthetic pathways (Mooney et al. 1977). Dwarf succulents tended to 
be CAM-C3 switchers, because ”small leafy succulents…are more likely to undergo large 
shifts in their seasonal internal water supply” (Mooney et al. 1977). Large stem and leaf 
succulents are more likely CAM-only during drought and moist conditions, and have higher 
water-use efficiencies. Reproductive tissues often show CAM and photosynthetic tissues C3, 
metabolism, indicating that reproductive tissues form at times of drought (Mooney et al. 
1977. Closed canopy vegetation, such as Thicket, woody shrubs are C3 species, and large, 
fast-growing succulent shrubs C3-CAM switchers, in order to compete with C3 species 
(Mooney et al. 1977). 
Mooney et al. (1977) recorded δ13C values of -17.4 to -20.5 ‰ for Portulacaria afra, which is 
indicative of a C3-CAM switching, or a facultative CAM photosynthetic metabolism (Guralnick 
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et al. 1984). In Crassula species, the highest frequency of δ13C values observed were in the 
range of -13 to -16.9 ‰, with δ13C values for C. ovata ranging between -15.4 to -17.6 ‰, 
which is indicative of an obligate CAM species (Mooney et al. 1977).  
Crassula ovata is a very succulent species, containing 3 g H2O dm
-3 (Jones 2011), and has 
a high number of hydathodes on the adaxial leaf surface (Jones 2011). Hydathodes are 
large stomata-like organs, connected to vascular tissue and thought to be able to take up 
water directly from the leaf surface (Jones 2011), and are surrounded by tannin cells, 
thought to protect against high levels of irradiance. Crassula ovata could be assumed, 
therefore, to be well-adapted to high light and temperature conditions, and possibly absorb 
mist and dew, when present on the leaf surface. 
CAM induction is related to plant water status and the age of leaves – young leaves in a 
non-drought stressed state use C3 metabolism i.e. stomatal conductance occurs during 
daytime, carbon dioxide is taken up at night, and with the lack of diurnal acid fluctuation 
(Guralnick et al. 1984). In older leaves, CAM is induced by drought stress, or long day length 
as experienced during summer (Guralnick et al. 1984). Judging by the high stomatal 
conductance measuring during drought in both Crassula ovata and Portulacaria afra, 
particularly in young leaves, CAM metabolism was not induced during this study. Young P. 
afra leaves employ C3 metabolism in plants that are not experiencing drought stress 
(Guralnick et al. 1984).  
The induction of CAM in P. afra appears to be related to the water status of the plant and the 
age of leaf tissue (Guralnick et al. 1984). The photosynthetic metabolism of mature leaves 
may be partly under the control of water stress and of photoperiod, where CAM is favoured 
under long days (Guralnick et al. 1984). CAM is induced induced in mature leaves of P. afra 
during water stress, as evident in daytime stomatal closure and increased organic acids, and 
increased activity of phosphoenolpyruvate (PEP) carboxylase (Huerta and Ting 1988). At 
low carbon dioxide levels, C3 metabolism employed, and at high concentrations, in non-
drought stressed plants, but low carbon dioxide levels has no impact on drought-stressed 
plants, where CAM metabolism continues to be employed (Huerta and Ting 1988). 
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Chapter 5. General Discussion 
5.1 Seedlings or cuttings? 
Midgley and Cowling (1993) found that the dominant canopy and understorey species, 
surveyed at 18 different intact Thicket sites across the Western and Eastern Cape, were 
multi-stemmed species that use vegetative regeneration i.e. produce ramets or resprout from 
stems and/or roots. Some of these species, despite being dominants and showing frequent 
and abundant fruit production, produced a low number of seedlings (Midgley and Cowling 
1993). These species included: Azima tetracantha, Putterlickia pyracantha, Euclea undulata 
and Portulacaria afra (Midgley and Cowling 1993). Aloe and Euphorbia species, including A. 
ferox, africana and pluridens and E. triangularis and grandidens, were the exception, as they 
are arborescent succulents and were the only group regenerating from seed, as they do not 
resprout (Midgley and Cowling 1993). Most seedlings were found in tall Forest, rather than 
„proper‟ Thicket sites, which had a very low seedling density, at 0.46 seedlings and saplings 
m-2 (Midgley and Cowling 1993). Cowling et al. (1997) found that the rate of germination of 
coastal dune Thicket seeds was related to shading provided by shrubs, soil factors. 
Weatherall-Thomas (2009) also found that the seedbank of Thicket is not a reflection of the 
species present in the canopy, with forbs and grasses instead of woody species, dominating. 
Seedling emergence favours the reduced air and soil temperatures, and increased litter 
depth, as found under increased canopy cover (Weatherall-Thomas 2009).  
As with species used for reforestation in logged areas, or where populations are threatened 
by overexploitation, there are problems of low availability of seeds due to few remaining 
„parent stock plants; irregular seed production, and low storage capability due to the loss of 
seed viability or recalcitrance (Aminah et al. 1997, Rozihawati et al. 2005, Awang et al. 
2009). In Thicket vegetation, where the dominant, evergreen canopy shrub and tree species 
show frequent, abundant and asynchronized fruit production and dispersal (Cowling 1983, 
Midgley and Cowling 1993), the problem of low seed availability should not exist. Most 
Thicket trees and shrubs have fleshy, edible fruits that are bird-dispersed (Hoare et al. 
2006). In the Kalahari and Karoo, animal-dispersed seeds account for dominant plant 
species found under trees (Milton and Dean 2001). Small-seeded species are dispersed by 
herbivorous vertebrates and some insectivorous mammal and fleshy-fruited species are 
dispersed by browsers and frugivores, with some (self-dispersed) species, that are typically 
dispersed across short distances, being dispersed further than usual through this 
endozoochory (Milton and Dean 2001). Regeneration from seedlings, however, has been 
shown to be almost non-existent in Thicket, regeneration being primarily through vegetative 
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growth, except in arborescent succulents that do not resprout and occur in more mesic, 
forest-type Thicket vegetation (Midgley and Cowling 1993).  
In areas where livestock grazing has reduced palatable shrub densities, rehabilitation 
through re-seeding can be undertaken, provided that the timing of seeding favours 
germination, i.e. at low temperatures and during rainfall(Milton 1995). The same could be 
said of attempting to re-seed degraded Thicket vegetation. Significantly greater germination 
has been observed in Thicket seeds germinated under 40% shade and permanently moist 
conditions, compared to 12% shade i.e. higher light and temperature conditions, with soil 
allowed to dry out between watering (Wilman 2010). Soil moisture plays a greater role in 
stronger light i.e. 12% shade conditions vs 40% shade, and where greater soil moisture 
retention is associated with a greater percentage organic matter in the soil (Wilman 2010). 
The only species able to germinate well under higher light, lower moisture and organic 
matter conditions are Ehretia rigida, Schotia latifolia Jacq. and the succulent-stemmed 
climber, Jatropha capensis (L.f.) Sond. (Wilman 2010). A soil medium high in organic matter 
only contributes significantly to germination if it is kept moist – seeds in a moist litter layer 
are more likely to germinate, establish and survive as the result of higher moisture. 
In Sundays Spekboom Thicket and Sundays Spekboomveld, Pappea capensis, Euclea 
undulata and Searsia longispina are found commonly in intact and degraded areas (Sigwela 
et al.  2009). These species appear to persist in the landscape during degradation, but 
stress is evident in that seed production and seedling abundance is negatively affected 
(Sigwela et al.  2009). Pappea capensis was found to produce significantly less seed in 
degraded Spekboomveld, than in intact thicket (Sigwela et al. 2009). The occurrence of 
seedlings is significantly lower in degraded sites, at 90 ± 26 S.D. seedlings ha-1 - dominant 
seedlings being that of P. capensis, Ptaeroxylon obliquum, Euclea undulata and Grewia 
robusta, compared to 590 ± 484 seedlings ha-1 in intact sites - dominant species being that 
of P. capensis and Grewia robusta (Sigwela et al.  2009). 94% of seedlings were found in 
beneath-canopy microsites, compared to 6% in open microsites, in both intact and degraded 
Thicket (Sigwela et al. 2009), suggesting that open microsites are not suited to seedling 
establishment – most likely due to soil degradation i.e. reduced soil organic and nitrogen 
content and infiltration rate, and extreme temperatures of degraded soils. 
The rehabilitation of a mine in arid, winter rainfall Strandveld and lowland Succulent Karoo 
vegetation involves the use of seed from the topsoil seedbank, where the top 50 cm of soil is 
scraped and stockpiled for minimum of 3 months (Hälbich 2003). Locally-collected seed is 
sown, and seedling survival encouraged using 40% shadecloth as windbreaks (Hälbich 
2003). Rooted cuttings of Chrysanthemoides monilifera (L.) planted after good winter rainfall, 
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is also employed, as well sowing of sorghum as a pioneer species, to allow sand 
stabilization, and drip irrigation of rehabilitation stands (Hälbich 2003) – direct seeding has 
been used successfully, therefore, in arid vegetation types in South Africa. At Spekboom 
restoration sites, however, there is no stockpiled topsoil, soil is compacted and nutrient-
depleted, the litter layer once present underneath bushclump will have decomposed or 
blown and washed away, there is very little shade, and no post-planting irrigation is 
employed. Spekboom restoration sites are, therefore, not suitable for seeding or woody 
cutting establishment, and the aforementioned rehabilitation measures (Hälbich 2003) will be 
costly and labour-intensive to employ at Spekboom restoration sites, where degradation is at 
a much larger scale.  
The advantage of using cuttings, rather than seeds, is that cuttings enable the production of 
a larger plant quickly, rather than waiting for a seedling to emerge and grow to 
transplantable size (Venter and Venter 2007). Plants grown from cuttings also flower and 
fruit faster than seedlings (Osborn et al.  2008). Some species are hard to propagate from 
seed, as the seeds are recalcitrant and do not store well (Osborn et al.  2008). In some 
species, cuttings grow faster than seedlings (Engelbrecht 1980). Cuttings enable the 
production of uniform individuals i.e. clones, with traits similar to that of the parent plant, 
rather than the genetic diversity shown in seedlings (Venter and Venter 2007). Multiple 
cuttings can be taken from a single stock plant (Ruter 2008).  
Producing clones is desirable in the horticultural and agricultural trade, where certain 
characteristics are selected for, such as plant size, and tolerance of pests, diseases, poor 
soil quality or extreme climatic conditions (Ersoy et al. 2010). In commercial timber 
operations, characteristics of trees grown from cuttings are often more desirable than those 
of seedlings, which show genetic variability – higher quality wood produced, with 
characteristics of mature trees sooner (Hudson 1997). The use of clones is not necessarily 
desirable, or wise, in the maintenance of genetic diversity during rehabilitation, however, as 
rehabilitation should aim to maintain the genetic integrity of plants in the vegetation 
immediately surrounding a rehabilitation area. Likewise, the use of commercial seed mixes 
has been found to alter the genetic diversity and plant population structure, based on high 
inbreeding coefficients found in a reintroduced wetland species (Aavik et al. 2012). The 
maintenance of a genetically diverse population, therefore, requires the collection of seed 
close to intended restoration sites, from large populations and a number of different 
individuals (Aavik et al. 2012).  
In terms of vegetative propagation, propagation from cuttings is a much easier and more 
successful technique to use than grafting or budding (Ruter 2008). Stem cuttings contain 
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buds, and the associated layered meristem contains the full genome of a plant, in contrast 
with leaf cuttings that do not (Osborn et al. 2008). This is important in the case of chimeras, 
such as the variegated Sansevieria trifasciata hort ex. Prain, which requires propagation 
from the rhizome and not leaf cuttings, which are normally used. Also, buds contain auxin, 
essential to root initiation (Osborn et al. 2008). Propagation from hardwood cuttings, which 
are often leafless, does not necessarily require misting systems as soft- and semi-hardwood 
cuttings do – however, not all species can be propagated from hardwood cuttings (Osborn et 
al. 2008). Some studies found that direct seeding into restoration sites resulted in better 
survival of seedlings than transplanted, container-grown woody species, which is large 
attributed due to a lack of proper root formation and growth (Young and Evans 2000).  The 
early loss of a taproot during transplantation, or damaging of taproots that have already 
started growing into the soil underneath containers, often results in stunted growth for the 
rest of a tree‟s lifespan (Young and Evans 2000). Woody canopy Thicket species that have 
been propagated successfully from seed or cuttings may, therefore, not survive 
transplantation into rehabilitation sites, or experience stunted growth, due to damaged roots 
at the time of transplantation. 
5.2 Soil amendment 
Topsoils experience greater temperature extremes and are drier than subsoils, but are 
generally richer in nutrients (Lynch 1995). Soil resources tend towards a patchy distribution, 
and the root architecture of a plant should accommodate the accessibility of roots to these 
patchy resources, potassium in particular (Lynch 1995), the availability of which is an 
important determinant in resulting in optimal photosynthesis. At a scale of centimetres with 
increasing soil depth, strong gradients in temperature, oxygen status, water availability, pH, 
bulk density, and nutrient status often exist (Lynch 1995).  
Soil amendment is expensive on large scale (Jones 2005a), and is often unnecessary as 
native plants are adapted native soil conditions, however unsuitable (Stratton et al. 1997). 
Various methods have been tested to improve local soil conditions in Thicket and other 
vegetation types in South Africa, many of which were successful in improving local soil 
conditions, though did not necessarily encourage plant establishment e.g. brushpiles (Todkill 
2006), brushpacks and micro-catchments (Simons 2005), microdamming (Powell 2009). 
Ripped hollows created by a furrow-ripper (sub-soiler) allowed for better seed germination 
and survival, as hollows persist for longer in clay soils, compared to holes created by 
walking-stick planters (Snyman 2003). Ripped hollows collected water, increasing soil 
moisture locally and encouraging grass establishment (Snyman 2003). After ten years of 
restoration, no improvement in vegetation cover or the establishment of pioneers had been 
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observed – suggesting that restoration efforts should focus on soil improvement measures 
over time, to encourage water infiltration and seed establishment, combined with the 
creation of suitable micro-climates (Snyman 2003). Snyman (2005) emphasises the 
importance of management implementations that are geared towards creating conditions 
suitable to the establishment and survival of introduced grass species, rather than 
encouraging the spread of existing vegetation.  
In a semi-arid area of South Africa, with denuded saline patches, over-sowing using grasses 
Digitaria eriantha and Chloris gayana, showed best survival when soil was ripped and 
brushpacked using organic material (Van den Berg and Kellner 2005). Similarly, Visser et al.  
(2004) found that tilling, sowing and brushpacking with branches facilitated the 
establishment of presumably indigenous „desirable‟ species. Nama Karoo, as in thicket, 
livestock removal after degradation not sufficient to restore lands (Visser et al. 2004). 
Undesirable species that encroach due to overgrazing e.g. Galenia africana in Succulent 
Karoo vegetation, may be unpalatable to stock, but may be drought tolerant species, that 
improve local soil conditions by accumulating litter, nitrogen and phosphorous in the soil, and 
creating a higher soil pH – though it decreases infectivity of species with mycorrhizae 
(Allsopp 1999). It is recommended that this species not be cleared, due to its improvement 
and maintenance of the patchy, locally-enriched soil characteristics of an intact Succulent 
Karoo ecosystem, which may benefit the future establishment of desirable species.  
Arid plants are usually either deep-rooted phraetophytes i.e. plants that access soil water at 
depths during drought, or shallow-rooted perennials and ephemerals, which take advantage 
of seasonal rainfall (Lynch 1995). Water-use efficiency, here determined as „the quantity of 
above-ground phytomass produced per unit of water evapo-transpired‟, root mass, litter  
production have been found to decrease with increased rangeland degradation, in the case 
of grasses due to decreased root production (Snyman 2005). Rangeland in poor condition 
plants have shallower roots, and lack deeper roots of grasses in good rangeland, unable to 
make use of water at greater soil depth during drought conditions (Snyman 2005).  
Litter is important in capturing moisture particularly where low soil moisture is the primary 
limiting factor to germination and growth (Snyman 2005). Litter maintains moisture by 
capturing runoff, reducing soil evaporation and lowering soil temperature (Snyman 2005). As 
the greatest percentage of carbon stored in Spekboom-rich Thicket is contained in litter and 
topsoil layers of soil (Mills et al. 2010), the creation and maintenance of this layer is essential 
in rehabilitation efforts, its rapid establishment implying faster achievement of „intact‟ carbon 
sequestration potential. 
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Intact Spekboom-rich Thicket has a phytomass of approximately 160 tonnes dry mass ha-1, 
and stores up to 130 tonnes C ha-1 in the upper 30 cm of soil – unparalleled in other semi-
desert ecosystems and even certain forest types (Mills et al. 2010). Thicket vegetation 
accumulates „extraordinarily high amounts of soil organic carbon for a semi-arid ecosystem‟ 
(Cowling and Mills 2011). This has been attributed to high leaf litter production by canopy 
tree species, but particularly Portulacaria afra, at approximately 4.6 tonnes litter ha-1 yr-1 
(Mills et al. 2010), combined with the cool and dry below-canopy microclimate experienced 
at the litter level, which has now been attributed to high rainfall interception, mean throughfall 
of precipitation across three sites being as low as 56% (Cowling and Mills 2011). Cool, dry 
environments show reduced soil microbial activity and reduced mineralization of organic 
matter (Cowling and Mills 2011).  
Tall containers have been used in the successful establishment of transplanted plants in 
desert ecosystems. Tall and narrow containers encourage deeper root systems, which 
enable plants to access soil water below the capillary fringe, at greater soil depths (Dreesen 
et al. 2002).  When propagating woody, montane riparian willows and cottonwoods in the 
American South, stem cuttings 1 to 3 cm in diameter and 40 to 60 cm long, planted 3 leaf 
nodes deep into a rooting medium without the application of rooting hormone, achieved 
greater than 90% rooting (Dreesen et al. 2002). Cuttings are collected in late winter to early 
spring. Tallpots, 76 cm high are used, with planting holes up to 2.4 m deep and 23 cm wide 
(Dreesen et al. 2002). „Deep pipe irrigation‟, using watering tubes attached to tall pots and 
seedling protection tubes, is thought to improve survival if plants are continuously watered 
during the first few years of establishment (Dreesen et al. 2002). 
Sigwela et al. (2009) suggest preserving „remnant clumps of closed-canopy thicket in 
degraded landscapes‟ – as these microsites are the only that facilitate seedling 
establishment, with the exception of selected hardy species i.e. Grewia robusta, Portulacaria 
afra and Putterlickia pyracantha. Todkill (2006) showed that by placing patches of rhino dung 
and brushpiles of P. afra stems in degraded Sundays Thicket in the Addo Elephant National 
Park, „islands of fertility‟ were created. These patches of greater soil resources underneath 
piles of rhino dung and P. afra stem litter had a higher pH, electrical conductivity, organic 
and available phosphorous content, than the soil in the surrounding degraded landscape 
and, in some cases, the reference site located in intact Thicket (Todkill 2006).  
5.3 Facilitation using nurse plants 
Shrub canopies generally facilitate greater seedling establishment than open, exposed areas 
between shrubs (De Villiers et al. 2001). In the Strandveld Succulent Karoo, the opposite 
had been shown to be true, with greater species richness and seedling densities observed in 
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open areas, and no significant difference in seedlings survival in open vs underneath shrubs, 
of annual species (De Villiers et al. 2001). Nurse shrubs have also been found to have a 
stronger facilitative effect on the establishment of woody, late-successional Mediterranean 
tree seedlings in hotter and drier microclimates i.e. sunny, dry slopes at low altitudes, 
compared to shady, wetter slopes at high altitudes, and during periods of low rainfall 
(Gómez-Aparicio et al. 2003). 
Low seedling emergence is experienced in Karoo shrubland, where seedling survival is 
dependent on autumn rainfall and fewer seedlings are found in bare, exposed areas with no 
litter or shading by shrubs (Milton 1995). Germination is also inhibited at high temperatures, 
so that the germination of species that are able to germinate at lower temperatures, 
associated with autumn rainfall, are favoured (Milton 1995). Seedling survival and growth are 
hampered by competition for moisture with established shrubs, and recruitment is 
determined by direct annual seeding from intact shrubs (Milton 1995). Selective livestock 
grazing reduces the presence of intact parent shrubs, and so limits germination, rather than 
the absence of seed in soil-stored seed banks (Milton 1995). Germination of wind-dispersed 
seeds (19%) is higher in microsites containing litter, than in bare soil (7%) (Milton 1995). 
Bare soil is favoured by mat-forming succulent species, which are small-seeded and able to 
colonise fine, bare soils – these „mats‟, in turn, trap wind-dispersed seeds (Milton 1995).  
In degraded Afromontane savannah vegetation in Ethiopia, Aerts et al.  (2006a) found that 
Euclea racemosa serves as nurse plant to Olea europaea subsp. cuspidata seedlings. Its 
dense, multi-stemmed shape, served as a perch for birds, aiding in seed dispersal, with 
seeds germinating and establishing in the litter produced by E. racemosa. Lycium species 
(De Ridder 2006) and Putterlickia pyracantha (Mike Powell pers. comm.), as well as other 
sprawling, spinescent Thicket species, have been identified as potential nurse plants for 
Portulacaria afra truncheons, or other Thicket species transplanted to rehabilitation sites. 
Species that produce much litter, in addition to P. afra, are Euclea undulata (Sigwela et al. 
2009) and Searsia longspina (Mike Powell pers. comm.). Considering that these species, if 
propagated from cuttings and transplanted to rehabilitation sites, will most likely not survive 
the associated stresses associated with transplantation – P. afra should be considered the 
„ultimate Thicket nurse plant‟, supplying much litter and, with time, creating a cool, closed-
canopy, moist and organic-rich microhabitat suitable to the germination, establishment and 
survival of woody canopy Thicket species. 
5.4 Spekboom plantings 
Spekboom survival of 80% on hot north-facing slopes with moderate to shallow soils had 
been achieved in Thicket-wide plots by 2009 (Sigwela pers. comm.), with low survival in 
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cooler, low-lying areas with deep soils, and that were once dominated by Noorsveld 
(Euphorbia species). It was hypothesized that areas that are presently Noorsveld, previously 
housed Spekboomveld which was then invaded by Noorsveld (Sigwela pers. comm.). It may 
also suggest a possible allelochemical „poisoning‟ of soil by Euphorbia species, though the 
presence of differing soil physicochemical characteristics in Noorsveld vs Spekboomveld is a 
more likely explanation. Low soil water availability, due to soil compaction in degraded 
areas, has been thought to be the main reason for low truncheon survivorship at 
rehabilitation sites. Greater survival of Portulacaria afra cuttings planted by farmers has also 
been observed where trenches were scraped with a tractor, which loosened the soil creating 
greater drainage, aeration and moisture retention around planted truncheons, compared to 
where individual holes were dug in the compacted soil (De Ridder pers. comm.).  
The Gamtoos Irrigation Board is already assessing the economic viability of large-scale 
Spekboom plantings (using Thicket-wide plots), particularly for different Spekboom Thicket 
and Spekboomveld types across the natural distribution of Portulacaria afra. The exact 
amount of carbon fixed per hectare per year has been assessed (Powell 2009), and the best 
allometric methods to determine carbon stocks across Thicket types, will soon be finalised. 
The identification of realistic and appropriate restoration end points, particularly in terms of 
ecosystem services e.g. carbon sequestration, but also amount of biodiversity accumulated 
through Spekboom restoration, remain to be determined (Van der Vyver pers. comm.). 
Pentzia-veld, as seen in the Baviaanskloof Nature Reserve, has also been identified as 
areas not suited to Spekboom rehabilitation plantings, as it is characteristic of past 
agricultural use and soil conditions are not suited to planting (Van der Vyver pers. comm.). 
Extreme i.e. unusually high and low, levels of electrical conductivity, organic carbon, 
percentage sand, as well as calcium, zinc and aluminium (i.e. percentage clay) in the subsoil 
of intact Thicket, have been found to limit the growth and distribution of Portulacaria afra, as 
tested by Mills et al. (2011) in the Great Fish River Reserve. Portulacaria afra enjoys 
„moderate‟ edaphic conditions. Mills et al. (2011) propose an investigation of whether other 
species show better recruitment under P. afra canopies where extreme edaphic conditions 
prevail, and whether P. afra can be used as a „cover crop‟ for these species, even though 
these extreme conditions are not suited to its growth (Mills et al. 2011).  
It was anticipated that Spekboom-rich Thicket fixes 80 to 100 tonnes carbon per hectare per 
year (Powell et al. 2007). It is now known that Intact Thicket vegetation types store 70.64 t C 
ha-1 ± 17.24 to 87.73 t C ha-1 ± 6.51 per year vs 21.03 t C ha-1 ± 2.70 to 34.05 t C ha-1 ± 3.61 
per year in degraded Thicket, to a soil depth of 25 cm – equating to a mean loss of 57.23 t 
C ha-1 in Baviaanskloof Spekboom Thicket (Powell 2009).  
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Portulacaria afra truncheons were planted to a depth of 15 cm in the Baviaanskloof Nature 
Reserve – which may have been too shallow as the recommended planting depth for 
truncheons is one third the length of cutting (Nichols 2005), which will vary when different-
sized truncheons are planted. In the Thicket-wide plot experiment, truncheons 15 to 35 mm 
in diameter and 250 to 650 mm in length are planted in parallel rows, 1 to 2 metres apart 
(Van der Vyver pers. comm.). 
The „practicalities of Thicket restoration‟ are described by Mills et al. (2011) to include 
baseline assessment soil, to determine existing soil carbon, and vegetation area, to 
determine plant species present and restoration „endpoint‟, and to establish whether 
degraded area was previously Spekboom-rich Thicket, as only these areas are selected for 
restoration (Mills et al. 2011). Fencing of restoration sites is also recommended for first three 
to five years of restoration (Mills et al. 2011), to keep out domestic stock and indigenous 
game that are responsible for considerable initial truncheon losses (Powell 2009). For 
maintenance of genetic integrity – Portulacaria afra truncheons are collected locally, with 25 
to 30 mm basal diameter, close to restoration site to reduce transport costs and dried in 
shade for two days (Mills et al. 2011). Truncheons are planted at a density of 2000 to 2500 
stems ha-1, to a depth of 15 cm, a koevoet (crowbar) being more effective at creating 
planting holes on steep rocky slopes, and power drills on gentle non-rocky slopes (Mills et al. 
2011). Planting on level areas is faster than on slopes and less expensive, has a lower „unit 
cost‟, therefore, as the use of power drills reduces labour costs and level areas, being larger, 
are predicted to produce the greatest internal rates of returns (Mill et al. 2011). Wetter sites 
will also sequester more carbon over time, and should generate greater income (Mills et al. 
2011). Carbon sequestration rates will have to be determined and tested for individual sites 
over time, as sites in different soil and climatic conditions are predicted to produce different 
sequestration rates – buyers must not be overcharged if restoration site is not performing at 
optimal sequestration potential and not fixing as much carbon as is being offset or paid for.  
Thicket is dominated by resprouters, that invest in the production of multiple basal stems, 
rather than numerous seedlings and a single, tall stem of tall forest reseeders (Kruger et al. 
1997). Tall-stemmed forest species are competing for light, and occur in wetter regions that 
allow tall growth, compared to Thicket, which is drier, more low-growing and, therefore, does 
not need to produce many vigorous, single-stemmed seedlings to compete for light. The 
investment of resources in reproduction from ramets, rather than numerous genets, in 
Thicket canopy species is, therefore, natural and should not be considered disadvantageous 
to its persistence (Kruger et al. 1997). The low number of seedlings recorded (Midgley and 
Cowling 1993, Sigwela et al. 2009), is also natural, considering the low and unpredictable 
rainfall experienced by arid Thicket vegetation. 
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A third chapter of this study had been intended, where rooted cuttings from the propagation 
study, creating using plant material collected at the particular study site i.e. genetically suited 
to the area, were to be planted into the different-aged rehabilitation blocks at Krompoort. As 
cutting strike was low, and root growth slow in cuttings that did strike, survival of these 
cuttings seemed unlikely. Also, a parallel study by Van der Vyver (2011) running at the time 
was already investigating survival of established seedlings and cuttings transplanted to the 
rehabilitation blocks at Krompoort. Pappea capensis seedlings and Lycium ferocissimum, 
Rhigozum obovatum and Searsia longispina cuttings were planted into control (degraded) 
and intact vegetation and (at the time) 11, 19 and 33 year old rehabilitation blocks in 
September and October 2008 (during spring rainfall). The experiment was repeated in May 
2009 (during autumn rainfall), with the addition of planting rooted Portulacaria afra cuttings. 
Rhigozum obovatum was the only woody canopy species to show good survival (70%), and 
P. afra showing 100% survival. Lycium ferocissimum (19%), P. capensis (9%) and S. 
longispina (1%) showed much lower survival, and survived best under „overhanging canopy‟, 
not necessarily in areas of greater rehabilitation age.  
Van der Vyver (2011) concluded that low survival of planted species and high economic cost 
of propagation, transport and planting compared to that of Portulacaria afra truncheons, 
makes the „biodiversity planting restoration protocol‟ i.e. active species introduction through 
revegetation, „ecologically and economically inefficient‟. He also concluded that autogenic or 
spontaneous regeneration of key canopy species occurs within 35 to 50 years of P. afra 
restoration. A 50 year old restoration site on the Farm Rhinosterhoek, showed a higher total 
carbon content, at 241 t C ha-1, and the recruitment of more plant species than recorded at 
certain intact Thicket sites. The removal of browsers from Thicket does not lead to 
recruitment, but it has been found after 70 years of livestock removal in Succulent Karoo, 
shrubs start to colonize termitaria (Rahlao et al. 2008). Hall et al. (2003) also predicted a 
minimum of 50 years for the return of Xeric Kaffrarian to Mesic Succulent Thicket of 
Gamtoos River Valley, from topsoil sown on a north-facing mined slope with shallow soil, to 
a „near-natural thicket‟ state. Saplings transplanted to this site, similar species also used in 
propagation and drought stress physiology experiments in this study, showed good 
transplantation survival after three years (Hall et al. 2003). These species were Azima 
tetracantha, Grewia occidentalis, Olea europaea, Searsia undulata, Schotia afra and S. 
latifolia,  
Thicket ecology is unlikely to shift from a resprouter-dominated ecosystem to a reseeder-
dominated ecosystem, and rainfall patterns, under present climate change predictions, are 
not likely to change so as to favour the establishment of planted seedlings and cuttings at 
restoration sites within the next 50 years (Mills et al. 2010). The low cutting strike achieved in 
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this study, as well as the inferior drought stress physiology of succulent vs woody species 
identified during this study, elucidates and supports findings Van der Vyver (2011). 
The degradation of large expanses of Thicket calls for some form of human intervention, the 
most obvious choice being restoration of degraded vegetation, though it is no small task. 
The rate of passive or ecological restoration is slowed down by climatic and biological 
factors, poor guidelines exist on active restoration, and it is a costly undertaking (Milton and 
Dean 1995). Restoration is not an easy sell to land-owners, as economic considerations 
associated with rangelands outweigh vegetation productivity, diversity and conservation 
(Milton and Dean 1995).  
Active restoration, by directly planting woody canopy species with Spekboom into 
rehabilitation sites, is an uneconomical, impractical and unviable path to follow in restoring 
degraded Thicket vegetation. Spontaneous regeneration i.e. ecological restoration, that 
follows active restoration by revegetation with Spekboom, and the exercise of patience, 
appears to be the only measure of returning canopy species to degraded Thicket sites. 
5.5 Future research opportunities 
Propagation of Thicket species 
The propagation of additional resprouting, spinescent Thicket species, and species that are 
known to predictability produce attractive flowers and fruit, regardless of climatic conditions, 
should be investigated. Potential species include Euclea undulata, Pappea capensis, 
Schotia species, Brachylaena ilicifolia, as well as smaller succulent species with sprawling 
growth habits i.e. Crassula species, and mesembs. Cuttings that are larger in diameter, with 
a greater proportion of stored nutrients and carbohydrates for root growth, could be tested, 
as well as cuttings taken from different parts of the stem. Cuttings that are larger in diameter 
are perhaps more likely to survive the initial stress associated with transplantation.  
Species from semi-arid to arid regions in Africa have been found to be susceptible to rotting 
in intermittent mist systems – instead rooting well in „low-tech‟ non-mist polyethylene 
propagators, which provide an aerated, yet humid environment without remaining 
excessively moist or drying out, causing cutting death (Leakey et al. 1990). However, rooting 
is likely to occur faster under intermittent mist and with bottom-heating, using soft and semi-
hardwood cuttings taken from new spring growth. Additional rooting media e.g. peat, 
vermiculite, sawdust, and various rooting mixes could be tested. The addition of a 
mycorrhizal inoculum and its effect on rooting and transplantation survival can also be 
tested. Rooting over time, to test which species roots fastest and at what point rooting is 
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initiated, can be investigated. The use of wet (solutions) vs dry (talc) rooting hormone can be 
investigated, as well different types and concentrations of rooting hormone; the presence of 
a wetting agent, and different fungicides, that are not copper-based e.g. Funginex.  
The use of tall containers, thought to increase access of roots to deep soil moisture or 
greater soil volumes and so encourage plant establishment, has been found to improve 
survival of plants planted out into desert areas (Dreesen et al. 2002). This can be tested in 
the field – though soil at Spekboom rehabilitation sites are often shallow and very stony, 
which may make this very costly in terms of labour, with low survival of species despite the 
effort. 
Arbuscular mycorrhizal associations have been found in 17 Eastern Cape Forest tree 
species, some of which are shared in the Thicket Biome, including Schotia afra, Olea 
capensis L. and Searsia chirindensis (Hawley and Dames 2004). Cassine species in Family 
Celastraceae, which includes Gymnosporia, have been found to be arbuscular-mycorrhizal, 
as well as certain species in Families Ebenaceae and Rutaceae (Hawley and Dames 2004). 
Its absence from literature suggests that the presence of mycorrhizal associations on the 
roots of Portulacaria afra has not been investigated.  
As mycorrhizal fungi have been found in the bushclumps of Fish River Scrub in the Andries 
Vosloos Kudu Reserve (Allsopp et al. 1996), a reserve also known for the presence of 
successful Spekboom restoration site (Mills and Cowling 2006), the presence of mycorrhizae 
in Portulacaria afra should be tested, as its presence may enhance rooting, establishment 
and, ultimately, survival of Spekboom truncheons at rehabilitation sites. Rooting of planted 
P. afra truncheons is implied by its survival and persistence in rehabilitation sites, but the 
rate of root growth during establishment has not been determined for planted cuttings – 
though much data exists on the biomass and carbon sequestration potential of below-ground 
plant parts (Powell 2009, Mills and Cowling 2006, Mills and Cowling 2010). The transfer of 
topsoil and subsoil from intact Thicket vegetation with transplanted seedlings and/or cuttings, 
as well as propagation of cuttings in „healthy‟ Thicket soil, may encourage root formation in 
restoration sites that are bare and most likely devoid of mycorrhizae (Allsopp et al. 1996).  
Stress physiology 
The measurement of leaf and soil water potential, leaf succulence or the „succulence 
quotient‟ (Jones 2011), and titrable acidity (Guralnick et al. 1984) to test for diurnal 
fluctuations of malic acid in CAM species, is advisable – particularly in the search for site 
characteristics i.e. climate and soil, suited to optimal establishment, growth, survival and 
carbon sequestration potential of Portulacaria afra at future restoration sites. 
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In terms of stress physiology experiments, physiological measurements i.e. photosynthetic 
and transpiration rates (rather than photosynthetic efficiency and stomatal conductance), of 
Portulacaria afra truncheons, or „wild‟ populations in different Spekboom Thicket and 
Spekboomveld types, in order to determine the general „health‟, photosynthetic and 
transpiration rates of intact P. afra plants, at different times of the year, as well as that of 
truncheons during different stages of establishment, may prove a useful method for 
determining carbon assimilation rates at different stages of rehabilitation, or during certain 
sets of environmental conditions. Photosynthetic and transpiration rates should be 
monitoring more regularly throughout drying out and post-watering recovery of Thicket 
species, particularly during the first few days of stress. Also, measuring drought stress for 
more prolonged periods, combined with increased temperature, and rewatering at different 
intervals after drought, will simulate the potential effects of rainfall sooner or later after 
transplantation of P. afra truncheons in the field. 
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Appendix 1 
Plates of selected Sundays Thicket species used in propagation and stress 
physiology experiments 
 
 
Crassula ovata (Mill.) Druce CRASSULACEAE (Kerky-bush, Jade or money plant, „Plakkies‟) 
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Ehretia rigida (Thunb.) Druce subsp. rigida BORAGINACEAE (Puzzle-bush, 
„Deurmekaarbos‟) 
 
Euclea undulata Thunb. EBENACEAE (Small-leaved guarri, „Kleinblaarghwarrie‟) 
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Grewia robusta Burch. TILIACEAE (Karoo cross-berry, „Karoo-kruisbessie‟) 
 
Lycium oxycarpum Dunal SOLANACEAE (Honey-thorn, „Kriedoring‟) 
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Portulacaria afra Jacq. PORTULACACEAE (Porkbush, „Spekboom‟) 
 
Rhigozum obovatum Burch. BIGNONIACEAE (Yellow pomegranate, Three-leaved 
Rhigozum, Karoo Gold, „Geelberggranaat‟) 
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Searsia longispina (Eckl. & Zeyh.) Moffett ANACARDIACEAE (Spiny currant-Rhus, 
„Doringtaaibos‟) 
  
204 
 
Appendix 2 
Results of statistical analyses of the physical properties of rooting media and rooting 
parameters measured in the propagation experiment 
 
Table I. Mann-Whitney U-tests performed to test for differences in physical properties of pure 
rooting media vs rooting media mixed 1:1 with poolfilter sand (n=3) 
Field capacity Bulk density 
Rooting 
medium 
U Z 2*1 sided exact p U Z 2*1 sided exact p 
Perlite  0 1.964 0.1 0 -1.964 0.1 
Vermiculite 0 1.964 0.1 0 -1.964 0.1 
Potting soil 0 1.964 0.1 0 -1.964 0.1 
Coarse bark 3 -0.655 0.7 0 -1.964 0.1 
Thicket soil 3 -0.655 0.7 4 -0.218 1 
Total porosity Aeration porosity 
 U Z 2*1 sided exact p U Z 2*1 sided exact p 
Perlite 0 0 0.1 4 0.218 1 
Vermiculite 0 1.964 0.1 0 -1.964 0.1 
Potting soil 0 1.964 0.1 0 -1.964 0.1 
Coarse bark 0 1.964 0.1 0 1.964 0.1 
Thicket soil 4 0.218 1 0 1.964 0.1 
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Table II. Mann-Whitney U-tests performed to test for differences in the mean percentage 
field capacity between different pure rooting media (n=3) 
Rooting medium – Mean 
field capacity 
Perlite Vermiculite Potting 
soil 
Coarse 
bark 
Thicket 
soil 
Poolfilter 
sand 
U 0 0 0 0 0 
Z -1.964 1.964 -1.964 1.964 1.964 
2*1 sided p 0.1 0.1 0.1 0.1 0.1 
Perlite U  0 0 0 0 
Z  1.964 1.964 -1.964 1.964 
2*1 sided p  0.1 0.1 0.1 0.1 
Vermiculite U   0 0 0 
V   -1.964 -1.964 1.964 
2*1 sided p   0.1 0.1 0.1 
Potting soil U    0 0 
Z    1.964 1.964 
2*1 sided p    0.1 0.1 
Coarse bark U     0 
Z     1.964 
2*1 sided p     0.1 
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Table III. Mann-Whitney U-tests performed to test for differences in the mean bulk density 
between different pure rooting media (n=3) 
Rooting medium – Mean 
bulk density 
Perlite Vermiculite Potting 
soil 
Coarse 
bark 
Thicket 
soil 
Poolfilter 
sand 
U 0 0 0 0 2 
Z 1.964 -1.964 1.964 -1.964 -1.091 
2*1 sided p 0.1 0.1 0.1 0.1 0.4 
Perlite U  2 0 0 0 
Z  1.091 -1.964 1.964 -1.964 
2*1 sided p  0.4 0.1 0.1 0.1 
Vermiculite U   0 0 0 
V   1.964 1.964 -1.964 
2*1 sided p   0.1 0.1 0.1 
Potting soil U    0 0 
Z    1.964 -1.964 
2*1 sided p    0.1 0.1 
Coarse bark U     0 
Z     -1.964 
2*1 sided p     0.1 
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Table IV. Mann-Whitney U-tests performed to test for differences in the mean percentage 
total porosity between different pure rooting media (n=3) 
Rooting medium – Mean 
total porosity 
Perlite Vermiculite Potting 
soil 
Coarse 
bark 
Thicket 
soil 
Poolfilter 
sand 
U 0 0 0 0 0 
Z -1.964 1.964 1.964 1.964 1.964 
2*1 sided p 0.1 0.1 0.1 0.1 0.1 
Perlite U  0 2 2 0 
Z  1.964 1.091 1.091 1.964 
2*1 sided p  0.1 0.4 0.4 0.1 
Vermiculite U   0 4 0 
V   -1.964 -0.218 1.964 
2*1 sided p   0.1 1 0.1 
Potting soil U    3 0 
Z    -0.655 1.964 
2*1 sided p    0.7 0.1 
Coarse bark U     0 
Z     1.964 
2*1 sided p     0.1 
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Table V. Mann-Whitney U-tests performed to test for differences in the mean percentage 
aeration porosity between different pure rooting media (n=3) 
Rooting medium – Mean 
aeration porosity 
Perlite Vermiculite Potting 
soil 
Coarse 
bark 
Thicket 
soil 
Poolfilter 
sand 
U 0 1 3 0 0 
Z -1.964 1.528 0.655 1.964 1.964 
2*1 sided p 0.1 0.2 0.7 0.1 0.1 
Perlite U  0 0 1 0 
Z  -1.964 -1.964 1.528 1.964 
2*1 sided p  0.1 0.1 0.2 0.1 
Vermiculite U   2 0 0 
V   -1.091 1.964 1.964 
2*1 sided p   0.4 0.1 0.1 
Potting soil U    0 0 
Z    -1.964 1.964 
2*1 sided p    0.1 0.1 
Coarse bark U     0 
Z     1.964 
2*1 sided p     0.1 
 
Table VI. Wilcoxon Matched Pairs Tests performed to test for differences in the percentage 
cutting strike of all species, between different rooting media (n=10) 
Rooting medium – 
Percentage cutting strike 
Perlite Potting soil Thicket 
soil 
Poolfilter sand T 12 14 12 
Z 1.58 0.56 0.84 
p 0.114 0.575 0.401 
Perlite T  5 9 
Z  1.153 0.314 
p  0.249 0.753 
Potting soil T   1 
Z   1.753 
p   0.08 
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Table VII. Wilcoxon Matched Pairs Tests performed to test for differences in the mean root 
length on cuttings of all species, between different rooting media (n=10) 
Rooting medium – Mean root 
length 
Perlite Potting 
soil 
Thicket 
soil 
Poolfilter sand T 22 17 10 
Z 0.561 0.14 1.481 
p 0.575 0.889 0.139 
Perlite T  13 7 
Z  0.169 1.183 
p  0.868 0.237 
Potting soil T   0 
Z   2.201 
p   0.028 
 
Table VIII. Wilcoxon Matched Pairs Tests performed to test for differences in the percentage 
of cuttings with new growth of all species, between different rooting media (n=10) 
Rooting medium – 
Percentage with new growth 
Perlite Potting soil Thicket 
soil 
Poolfilter sand T 16 16 17.5 
Z 0.77 0.28 0.592 
p 0.441 0.779 0.553 
Perlite T  8 8.5 
Z  0.524 0.419 
p  0.6 0.675 
Potting soil T   9.5 
Z   0.21 
p   0.834 
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Table IX. Wilcoxon Matched Pairs Tests performed to test for differences in the mean length 
of new growth on cuttings of all species, between different rooting media (n=10) 
Rooting medium – Mean length 
of new growth 
Perlite Potting 
soil 
Thicket 
soil 
Poolfilter sand T 15 11 11 
Z 0.42 0.507 0.98 
p 0.674 0.612 0.327 
Perlite T  9 9 
Z  0.314 0.845 
p  0.753 0.398 
Potting soil T   5 
Z   1.153 
p   0.249 
 
Table X. Wilcoxon Matched Pairs Tests performed to test for differences in the percentage of 
cuttings with leaves of all species, between different rooting media (n=10) 
Rooting medium – Percentage 
with leaves 
Perlite Potting 
soil 
Thicket 
soil 
Poolfilter sand T 6.5 13 18.5 
Z 2.141 1.125 0.474 
p 0.032 0.26 0.636 
Perlite T  12 6 
Z  0.338 1.352 
p  0.735 0.176 
Potting soil T   4 
Z   0.944 
p   0.345 
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Table XI. Wilcoxon Matched Pairs Tests performed to test for differences in the mean 
number of leaves on cuttings of all species, between different rooting media (n=10) 
Rooting medium – Mean 
number of leaves 
Perlite Potting 
soil 
Thicket 
soil 
Poolfilter sand T 7 16 15 
Z 2.09 0.77 0.889 
p 0.037 0.441 0.374 
Perlite T  5 16 
Z  1.82 0.28 
p  0.069 0.779 
Potting soil T   7 
Z   0.734 
p   0.463 
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Appendix 3 
Results of statistical analyses of physiological parameters measured in the drought 
stress physiology experiment 
 
Table I. Mann-Whitney U-tests performed to test for differences in the volumetric moisture 
content of soil in control and treatment pots between days measured, for Crassula ovata  
Days   U Z 2*1 sided exact p n 
0 vs 7 Control 0 2.611 0.008 5, 5 
 Treatment 0 2.611 0.008 5, 5 
0 vs 13 Control 2 2.089 0.032 5, 5 
 Treatment  0 2.611 0.008 5, 5 
0 vs 19 Control 10.5 0.418 0.69 5, 5 
 Treatment 0 2.611 0.008 5, 5 
0 vs 34 Control 0 2.611 0.008 5, 5 
 Treatment 0 2.611 0.008 5, 5 
0 vs 40 Control  0 2.611 0.008 5, 5 
 Treatment 0 2.611 0.008 5, 5 
0 vs 47 Control 8.5 0.836 0.421 5, 5 
 Treatment 2.5 2.089 0.032 5, 5 
19 vs 34 Control 0 2.611 0.008 5, 5 
 Treatment 8 -0.94 0.421 5, 5 
19 vs 40  Control 4.5 1.671 0.095 5, 5 
 Treatment 0 -2.611 0.008 5, 5 
19 vs 47 Control 11 0.313 0.841 5, 5 
 Treatment 0 -2.611 0.008 5, 5 
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Table II. Mann-Whitney U-tests performed to test for differences in the photosynthetic 
efficiency of control vs treatment Crassula ovata plants on Days 0 to 47 
Days U Z 2*1 sided exact p nc, nt 
Day 0 97 0.643 0.539 15, 15 
Day 7 91 0.892 0.389 15, 15 
Day 13 86 1.099 0.285 15, 15 
Day 19 95.5 -0.705 0.486 15, 15 
Day 34 92.5 0.83 0.412 15, 15 
Day 40 105 -0.311 0.775 15, 15 
Day 47 91 0.892 0.389 15, 15 
 
Table III. Mann-Whitney U-tests performed to test for differences in the photosynthetic 
efficiency of control vs treatment Crassula ovata plants between days measured 
Days   U Z 2*1 sided exact p n 
0 vs 7 Control 111 0.062 0.967 15, 15 
 Treatment 103 0.394 0.713 15, 15 
0 vs 13 Control 84 1.182 0.25 15, 15 
 Treatment  85.5 1.12 0.267 15, 15 
0 vs 19 Control 107 0.228 0.838 15, 15 
 Treatment 84.5 -1.161 0.25 15, 15 
0 vs 34 Control 99 0.56 0.595 15, 15 
 Treatment 82 1.265 0.217 15, 15 
0 vs 40 Control  58 2.261 0.023 15, 15 
 Treatment 86.5 1.078 0.285 15, 15 
0 vs 47 Control 53 2.468 0.013 15, 15 
 Treatment 44 2.841 0.004 15, 15 
19 vs 34 Control 103 0.394 0.713 15, 15 
 Treatment 52.5 2.489 0.011 15, 15 
19 vs 40  Control 60 2.178 0.029 15, 15 
 Treatment 61.5 2.115 0.033 15, 15 
19 vs 47 Control 47 2.696 0.006 15, 15 
 Treatment 26 3.588 0 15, 15 
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Table IV. Mann-Whitney U-tests performed to test for differences in the stomatal 
conductance of leaves on control vs treatment Crassula ovata plants on Days 0 to 47 
Days U Z 2*1 sided exact p nc, nt 
Day 0 29 -0.315 0.798 8, 8 
Day 7 9 0 1.0 6, 3 
Day 13 24 1.313 0.211 7, 11 
Day 19 0 -1.732 0.2 3, 2 
Day 34 12 -0.893 0.432 5, 7 
Day 40 13 1.143 0.295 7, 6 
Day 47 23 -0.245 0.859 5, 10 
 
Table V. Mann-Whitney U-tests performed to test for differences in the stomatal 
conductance of leaves on control vs treatment Crassula ovata plants between days 
measured 
Days   U Z 2*1 sided exact p n 
0 vs 7 Control 11 -1.678 0.108 8, 6 
Treatment 10 0.4082 0.776 8, 3 
0 vs 13 Control 12 -1.852 0.072 8, 7 
Treatment  38 -0.495 0.657 8, 11 
0 vs 19 Control 19 -0.146 0.943 8, 3 
Treatment 2 -1.567 0.178 8, 2 
0 vs 34 Control 12 0 1 8, 5 
Treatment 20 -0.926 0.397 8, 7 
0 vs 40 Control  19 -1.042 0.336 8, 7 
Treatment 21 0.387 0.755 8, 6 
0 vs 47 Control 12 1.171 0.284 8, 5 
Treatment 22 1.599 0.122 8, 10 
19 vs 34 Control 7 0.149 1 3, 5 
 Treatment 4 0.878 0.5 2, 7 
19 vs 40  Control 5 -1.254 0.267 3, 7 
 Treatment 2 1.333 0.286 2, 6 
19 vs 47 Control 3.5 1.193 0.25 3, 5 
 Treatment 0 2.148 0.03 2, 10 
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Table VI. Mann-Whitney U-tests performed to test for differences in the volumetric moisture 
content of soil in control and treatment pots between days measured, for Ehretia rigida 
Days   U Z 2*1 sided exact p n  
0 vs 7 Control 11 0.313 0.841 5, 5 
 Treatment 0 2.611 0.008 5, 5 
0 vs 13 Control 11 0.313 0.841 5, 5 
 Treatment  0 2.611 0.008 5, 5 
0 vs 19 Control 5 -1.567 0.151 5, 5 
 Treatment 0 2.611 0.008 5, 5 
0 vs 34 Control 0 2.611 0.008 5, 5 
 Treatment 0 2.611 0.008 5, 5 
0 vs 40 Control  2 2.193 0.032 5, 5 
 Treatment 4 1.776 0.095 5, 5 
0 vs 47 Control 3 1.984 0.056 5, 5 
 Treatment 10 0.522 0.69 5, 5 
19 vs 34 Control 0 2.611 0.008 5, 5 
 Treatment 0 -2.611 0.008 5, 5 
19 vs 40  Control 0 2.611 0.008 5, 5 
 Treatment 0 -2.611 0.008 5, 5 
19 vs 47 Control 0 2.611 0.008 5, 5 
 Treatment 0 -2.611 0.008 5, 5 
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Table VII. Mann-Whitney U-tests performed to test for differences in the photosynthetic 
efficiency of control vs treatment Ehretia rigida plants between days measured 
Days   U Z 2*1 sided exact p n 
0 vs 7 Control 89.5 0.954 0.345 15, 15 
Treatment 98.5 0.581 0.567 15, 15 
0 vs 13 Control 78 1.431 0.161 15, 15 
Treatment  92 0.85 0.412 15, 15 
0 vs 19 Control 94 -0.767 0.461 15, 15 
Treatment 60 2.178 0.029 15, 15 
0 vs 34 Control 63 2.053 0.041 15, 15 
Treatment 39 3.049 0.002 15, 15 
0 vs 40 Control  79.5 1.369 0.174 15, 15 
Treatment 87.5 1.037 0.305 15, 15 
0 vs 47 Control 52.5 2.489 0.011 15, 15 
Treatment 58.5 -2.24 0.023 15, 15 
19 vs 34 Control 44.5 2.821 0.004 15, 15 
 Treatment 94 0.767 0.461 15, 15 
19 vs 40 Control 44 2.841 0.004 15, 15 
 Treatment 72 -1.68 0.08 15, 15 
19 vs 47 Control 44 2.841 0.004 15, 15 
 Treatment 33 -3.298 0.001 15, 15 
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Table VIII. Mann-Whitney U-tests performed to test for differences in the stomatal 
conductance of leaves on control vs treatment Ehretia rigida plants between days measured 
Days   U Z 2*1 sided exact p n 
0 vs 7 Control 102 -0.436 0.683 15, 15 
Treatment 34 3.256 0 15, 15 
0 vs 13 Control 111 0.062 0.967 15, 15 
Treatment  73 1.638 0.106 15, 15 
0 vs 19 Control 68 1.846 0.067 15, 15 
Treatment 20 3.837 0 15, 15 
0 vs 34 Control 88 -1.016 0.325 15, 15 
Treatment 26 3.588 0 15, 15 
0 vs 40 Control  35 3.215 0.001 15, 15 
Treatment 66 1.929 0.056 15, 15 
0 vs 47 Control 49 2.63 0.008 15, 15 
Treatment 102 -0.436 0.683 15, 15 
19 vs 34 Control 64 -2.012 0.045 15, 15 
 Treatment 101 -0.477 0.653 15, 15 
19 vs 40 Control 90 0.933 0.367 15, 15 
 Treatment 45 -2.8 0.004 15, 15 
19 vs 47 Control 106 0.27 0.806 15, 15 
 Treatment 19 -3.878 0 15, 15 
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Table IX. Mann-Whitney U-tests performed to test for differences in the volumetric moisture 
content of soil in control and treatment pots between days measured, for Grewia robusta 
Days  U Z 2*1 sided exact p n  
0 vs 7 Control 6 1.358 0.222 5, 5 
 Treatment 0 2.611 0.008 5, 5 
0 vs 13 Control 2 2.193 0.032 5, 5 
 Treatment  0 2.611 0.008 5, 5 
0 vs 19 Control 6 1.358 0.222 5, 5 
 Treatment 0 2.611 0.008 5, 5 
0 vs 34 Control 0 2.611 0.008 5, 5 
 Treatment 0 2.611 0.008 5, 5 
0 vs 40 Control  0 2.611 0.008 5, 5 
 Treatment 2 2.193 0.032 5, 5 
0 vs 47 Control 0 2.611 0.008 5, 5 
 Treatment 0 2.611 0.008 5, 5 
19 vs 34 Control 1.5 2.298 0.016 5, 5 
 Treatment 0 -2.611 0.008 5, 5 
19 vs 40  Control 3 1.984 0.056 5, 5 
 Treatment 0 -2.611 0.008 5, 5 
19 vs 47 Control 4 1.776 0.095 5, 5 
 Treatment 0 -2.611 0.008 5, 5 
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Table X. Mann-Whitney U-tests performed to test for differences in the photosynthetic 
efficiency of control vs treatment Grewia robusta plants between days measured 
Days   U Z 2*1 sided exact p n 
0 vs 7 Control 83 1.224 0.233 15, 15 
Treatment 61 2.136 0.033 15, 15 
0 vs 13 Control 105 -0.311 0.775 15, 15 
Treatment  62 2.095 0.037 15, 15 
0 vs 19 Control 111 0.062 0.967 15, 15 
Treatment 86.5 1.078 0.285 15, 15 
0 vs 34 Control 33 3.298 0.001 15, 15 
Treatment 47 2.098 0.037 15, 12 
0 vs 40 Control  80 1.348 0.187 15, 15 
Treatment 54.5 1.732 0.083 15, 12 
0 vs 47 Control 94.5 0.747 0.461 15, 15 
Treatment 77 0.634 0.548 15, 12 
19 vs 34 Control 33.5 3.277 0.001 15, 15 
 Treatment 67 1.122 0.277 15, 12 
19 vs 40  Control 82.5 1.244 0.217 15, 15 
 Treatment 76 -0.683 0.516 15, 12 
19 vs 47 Control 92.5 0.83 0.412 15, 15 
 Treatment 86 0.195 0.867 15, 12 
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Table XI. Mann-Whitney U-tests performed to test for differences in the stomatal 
conductance of leaves on control vs treatment Grewia robusta plants between days 
measured 
Days   U Z 2*1 sided exact p n 
0 vs 7 Control 36 -3.173 0.001 15, 15 
Treatment 74 1.597 0.116 15, 15 
0 vs 13 Control 79 -1.39 0.174 15, 15 
Treatment  75 -1.555 0.126 15, 15 
0 vs 19 Control 65 -1.97 0.05 15, 15 
Treatment 27 3.248 0.001 15, 13 
0 vs 34 Control 62 2.095 0.037 15, 15 
Treatment 63.5 1.293 0.2 15, 12 
0 vs 40 Control  55 2.385 0.016 15, 15 
Treatment 71 -0.927 0.373 15, 12 
0 vs 47 Control 60 2.178 0.029 15, 15 
Treatment 53 -1.805 0.075 15, 12 
19 vs 34 Control 40 3.00716 0.002 15, 15 
 Treatment 29 -2.66525 0.007 13, 12 
19 vs 40  Control 24 3.671 0 15, 15 
 Treatment 17 -3.318 0.001 13, 12 
19 vs 47 Control 25 3.629 0 15, 15 
 Treatment 15.5 -3.4 0 13, 12 
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Table XII. Mann-Whitney U-tests performed to test for differences in the volumetric moisture 
content of soil in control and treatment pots between days measured, for Gymnosporia 
buxifolia 
Days  U Z 2*1 sided exact p n  
0 vs 7 Control 7 1.149 0.31 5, 5 
 Treatment 0 2.611 0.008 5, 5 
0 vs 13 Control 4.5 1.671 0.095 5, 5 
 Treatment  0 2.611 0.008 5, 5 
0 vs 19 Control 12.5 0 1 5, 5 
 Treatment 0 2.611 0.008 5, 5 
0 vs 34 Control 0 2.611 0.008 5, 5 
 Treatment 0 2.611 0.008 5, 5 
0 vs 40 Control  2 2.193 0.032 5, 5 
 Treatment 10 0.522 0.69 5, 5 
0 vs 47 Control 4 1.776 0.095 5, 5 
 Treatment 8 -0.94 0.421 5, 5 
19 vs 34 Control 0 2.611 0.008 5, 5 
 Treatment 0 -2.61 0.008 5, 5 
19 vs 40 Control 1 2.402 0.016 5, 5 
 Treatment 0 -2.61 0.008 5, 5 
19 vs 47 Control 3 1.984 0.056 5, 5 
 Treatment 0 -2.611 0.008 5, 5 
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Table XIII. Mann-Whitney U-tests performed to test for differences in the photosynthetic 
efficiency of control vs treatment Gymnosporia buxifolia plants between days measured 
Days   U Z 2*1 sided exact p n 
0 vs 7 Control 260.5 204.5 0.25 15, 15 
Treatment 65.5 1.949 0.05 15, 15 
0 vs 13 Control 60.5 -2.157 0.029 15, 15 
Treatment  68 1.846 0.067 15, 15 
0 vs 19 Control 92.5 -0.83 0.412 15, 15 
Treatment 39 3.049 0.002 15, 15 
0 vs 34 Control 91.5 -0.871 0.389 15, 15 
Treatment 0 0 0 15, 0 
0 vs 40 Control  70 -1.763 0.081 15, 15 
Treatment 0 0 0 15, 0 
0 vs 47 Control 80 -1.348 0.187 15, 15 
Treatment 0 0 0 15, 0 
19 vs 34 Control 111.5 0.041478 0.967 15, 15 
 Treatment 0 0 0 15, 0 
19 vs 40 Control 73.5 -1.618 0.106 15, 15 
 Treatment 0 0 0 15, 0 
19 vs 47 Control 99 -0.56 0.595 15, 15 
 Treatment 0 0 0 15, 0 
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Table XIV. Mann-Whitney U-tests performed to test for differences in the stomatal 
conductance of leaves on control vs treatment Gymnosporia buxifolia plants between days 
measured 
Days   U Z 2*1 sided exact p n 
0 vs 7 Control 87.5 1.037 0.305 15, 15 
Treatment 13 4.127 0 15, 15 
0 vs 13 Control 79 1.39 0.174 15, 15 
Treatment  0 4.16 0 15, 10 
0 vs 19 Control 98.5 0.581 0.567 15, 15 
Treatment 0 3 0.001 15, 15 
0 vs 34 Control 81 1.307 2 15, 15 
Treatment 0 0 0 15, 0 
0 vs 40 Control  82 1.265 0.217 15, 15 
Treatment 0 0 0 15, 0 
0 vs 47 Control 110 0.104 0.935 15, 15 
Treatment 0 0 0 15, 0 
19 vs 34 Control 110 0.104 0.935 15, 15 
 Treatment 0 0 0 4, 0 
19 vs 40 Control 111 -0.062 0.967 15, 15 
 Treatment 0 0 0 4, 0 
19 vs 47 Control 97 -0.643 0.539 15, 15 
 Treatment 0 0 0 4, 0 
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Table XV. Mann-Whitney U-tests performed to test for differences in the volumetric moisture 
content of soil in control and treatment pots between days measured, for Lycium 
ferocissimum 
Days  U Z 2*1 sided exact p n 
0 vs 7 Control 8 0.94 0.421 5, 5 
 Treatment 3 1.984 0.056 5, 5 
0 vs 13 Control 8 0.94 0.421 5, 5 
 Treatment  0 2.611 0.008 5, 5 
0 vs 19 Control 10 -0.522 0.69 5, 5 
 Treatment 0 2.611 0.008 5, 5 
0 vs 34 Control 3.5 1.88 0.056 5, 5 
 Treatment 5 1.567 0.151 5, 5 
0 vs 40 Control  12 -0.104 1 5, 5 
 Treatment 11 0.313 0.841 5, 5 
0 vs 47 Control 9.5 -0.627 0.548 5, 5 
 Treatment 12 -0.104 1 5, 5 
19 vs 34 Control 2 2.193 0.032 5, 5 
 Treatment 0 -2.611 0.008 5, 5 
19 vs 40 Control 11 0.313 0.841 5, 5 
 Treatment 0 -2.611 0.008 5, 5 
19 vs 47 Control 11 0.313 0.841 5, 5 
 Treatment 0 -2.611 0.008 5, 5 
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Table XVI. Mann-Whitney U-tests performed to test for differences in the photosynthetic 
efficiency of control vs treatment Lycium ferocissimum plants between days measured 
Days   U Z 2*1 sided exact p n 
0 vs 7 Control 40.5 2.986 0.002 15, 15 
Treatment 19 3.878 0 15, 15 
0 vs 13 Control 86 -1.099 0.285 15, 15 
Treatment  22.5 3.733 0 15, 15 
0 vs 19 Control 41 2.966 0.002 15, 15 
Treatment 33 3.298 0.001 15, 15 
0 vs 34 Control 10.5 3.879 0 15, 12 
Treatment 8 1.718 0.1 15, 3 
0 vs 40 Control  24 3.386 0 15, 13 
Treatment 11 3.369 0 15, 9 
0 vs 47 Control 16 4.003 0 15, 15 
Treatment 83.5 -0.317 0.755 15, 12 
19 vs 34 Control 41 2.391 0.016 15, 12 
 Treatment 10 -1.481 0.164 15, 3 
19 vs 40 Control 73.5 1.106 0.274 15, 13 
 Treatment 35 -1.938 0.055 15, 9 
19 vs 47 Control 75.5 1.535 0.126 15, 15 
 Treatment 25.5 -3.147 0.001 15, 12 
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Table XVII. Mann-Whitney U-tests performed to test for differences in the stomatal 
conductance of leaves on control vs treatment Lycium ferocissimum plants between days 
measured 
Days   U Z 2*1 sided exact p n 
0 vs 7 Control 83 -1.224 0.233 15, 15 
Treatment 38 3.09 0.001 15, 15 
0 vs 13 Control 74 1.597 0.116 15, 15 
Treatment  18 3.513 0 15, 12 
0 vs 19 Control 105 0.311 0.775 15, 15 
Treatment 4 4.307 0 15, 13 
0 vs 34 Control 54 0.805 0.446 15, 9 
Treatment 0 2.666 0.002 15, 3 
0 vs 40 Control  68 1.359 0.185 15, 13 
Treatment 44 1.4 0.174 15, 9 
0 vs 47 Control 97 0.643 0.539 15, 13 
Treatment 87 -0.146 0.905 15, 12 
19 vs 34 Control 63.5 0.239 0.815 15, 9 
 Treatment 17 -0.336 0.8 13, 3 
19 vs 40 Control 75 1.036 0.316 15, 13 
 Treatment 17 -2.771 0.004 13, 9 
19 vs 47 Control 101 0.477 0.653 15, 15 
 Treatment 5 -3.971 0 13, 12 
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Table XVIII. Mann-Whitney U-tests performed to test for differences in the volumetric 
moisture content of soil in control and treatment pots between days measured, for Olea 
europaea 
Days  U Z 2*1 sided exact p n 
0 vs 7 Control 4.5 1.671 0.095 5, 5 
 Treatment 1 2.402 0.016 5, 5 
0 vs 13 Control 0.5 2.507 0.008 5, 5 
 Treatment  0 2.611 0.008 5, 5 
0 vs 19 Control 6 1.358 0.222 5, 5 
 Treatment 0 2.611 0.008 5, 5 
0 vs 34 Control 0 2.611 0.008 5, 5 
 Treatment 0 2.611 0.008 5, 5 
0 vs 40 Control  0 2.611 0.008 5, 5 
 Treatment 3 1.984 0.056 5, 5 
0 vs 47 Control 2 2.193 0.031 5, 5 
 Treatment 3.5 1.88 0.056 5, 5 
19 vs 34 Control 0 2.611 0.008 5, 5 
 Treatment 4 -1.776 0.095 5, 5 
19 vs 40 Control 0 2.611 0.008 5, 5 
 Treatment 1 -2.402 0.016 5, 5 
19 vs 47 Control 5 1.567 0.151 5, 5 
 Treatment 0 -2.611 0.008 5, 5 
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Table XIX. Mann-Whitney U-tests performed to test for differences in the photosynthetic 
efficiency of control vs treatment Olea europaea plants between days measured 
Days   U Z 2*1 sided exact p n 
0 vs 7 Control 227 238 0.838 15, 15 
Treatment 83 1.224 0.233 15, 15 
0 vs 13 Control 106 -0.27 0.806 15, 15 
Treatment  96.5 0.664 0.512 15, 15 
0 vs 19 Control 101 -0.477 0.653 15, 15 
Treatment 76 1.514 0.137 15, 15 
0 vs 34 Control 107.5 0.207 0.838 15, 15 
Treatment 61 2.136 0.033 15, 15 
0 vs 40 Control  98.5 -0.581 0.567 15, 15 
Treatment 88 1.016 0.325 15, 15 
0 vs 47 Control 62 2.095 0.037 15, 15 
Treatment 89.5 -0.954 0.345 15, 15 
19 vs 34 Control 105.5 0.29 0.775 15, 15 
 Treatment 82 1.265 0.217 15, 15 
19 vs 40 Control 111 -0.062 0.967 15, 15 
 Treatment 90 -0.933 0.367 15, 15 
19 vs 47 Control 58 2.261 0.023 15, 15 
 Treatment 35 -3.194 0.001 15, 15 
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Table XX. Mann-Whitney U-tests performed to test for differences in the stomatal 
conductance of leaves on control vs treatment Olea europaea plants between days 
measured 
Days   U Z 2*1 sided exact p n 
0 vs 7 Control 103 -0.394 0.713 15, 15 
Treatment 40 2.649 0.008 15, 13 
0 vs 13 Control 103 0.394 0.713 15, 15 
Treatment  35 3.215 0.001 15, 15 
0 vs 19 Control 85 -1.141 0.267 15, 15 
Treatment 22.5 3.733 0 15, 15 
0 vs 34 Control 78.5 1.41 0.161 15, 15 
Treatment 43.5 2.862 0.003 15, 15 
0 vs 40 Control  95 0.726 0.486 15, 15 
Treatment 64.5 1.991 0.045 15, 15 
0 vs 47 Control 89.5 0.954 0.345 15, 15 
Treatment 73 1.638 0.106 15, 15 
19 vs 34 Control 65 1.97 0.05 15, 15 
 Treatment 54 -2.426 0.015 15, 15 
19 vs 40 Control 62 2.095 0.037 15, 15 
 Treatment 20 -3.837 0 15, 15 
19 vs 47 Control 60 2.178 0.029 15, 15 
 Treatment 27 -3.546 0 15, 15 
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Table XXI. Mann-Whitney U-tests performed to test for differences in the volumetric moisture 
content of soil in control and treatment pots between days measured, for Portulacaria afra 
Days  U Z 2*1 sided exact p n 
0 vs 7 Control 7 1.149 0.31 5, 5 
 Treatment 4.5 1.671 0.095 5, 5 
0 vs 13 Control 5 1.567 0.151 5, 5 
 Treatment  0 2.402 0.016 5, 5 
0 vs 19 Control 11 0.313 0.841 5, 5 
 Treatment 0 2.611 0.008 5, 5 
0 vs 34 Control 0.5 2.507 0.008 5, 5 
 Treatment 1 2.402 0.016 5, 5 
0 vs 40 Control  0 2.611 0.008 5, 5 
 Treatment 3 1.984 0.056 5, 5 
0 vs 47 Control 2 2.193 0.032 5, 5 
 Treatment 9.5 0.627 0.548 5, 5 
19 vs 34 Control 1 2.402 0.016 5, 5 
 Treatment 5 -1.567 0.151 5, 5 
19 vs 40 Control 0 2.611 0.008 5, 5 
 Treatment 3 -1.984 0.056 5, 5 
19 vs 47 Control 2.5 2.089 0.032 5, 5 
 Treatment 0 -2.611 0.008 5, 5 
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Table XXII. Mann-Whitney U-tests performed to test for differences in the photosynthetic 
efficiency of control vs treatment Portulacaria afra plants on Days 0 to 47 
Days U Z 2*1 sided exact p nc, nt 
Day 0 102.5 -0.415 0.683 15, 15 
Day 7 78.5 1.41 0.161 15, 15 
Day 13 107 -0.228 0.838 15, 15 
Day 19 68 -1.846 0.067 15, 15 
Day 34 76 -1.514 0.137 15, 15 
Day 40 85 -1.141 0.267 15, 15 
Day 47 87 -1.058 0.305 15, 15 
 
  
232 
 
Table XXIII. Mann-Whitney U-tests performed to test for differences in the photosynthetic 
efficiency of control vs treatment Portulacaria afra plants between days measured 
Days   U Z 2*1 sided exact p n 
0 vs 7 Control 204.5 260.5 0.25 15, 15 
Treatment 96.5 0.664 0.512 15, 15 
0 vs 13 Control 107.5 -0.207 0.838 15, 15 
Treatment  111.5 -0.041 0.967 15, 15 
0 vs 19 Control 85 1.141 0.267 15, 15 
Treatment 112.5 0 1 15, 15 
0 vs 34 Control 79.5 1.369 0.174 15, 15 
Treatment 112 0.021 1 15, 15 
0 vs 40 Control  87.5 1.037 0.305 15, 15 
Treatment 99 0.56 0.595 15, 15 
0 vs 47 Control 72 1.68 0.098 15, 15 
Treatment 67.5 1.867 0.061 15, 15 
19 vs 34 Control 98 0.601 0.567 15, 15 
 Treatment 93.5 0.788 0.436 15, 15 
19 vs 40 Control 102 0.436 0.683 15, 15 
 Treatment 92.5 0.83 0.412 15, 15 
19 vs 47 Control 80 1.348 0.187 15, 15 
 Treatment 64 2.012 0.045 15, 15 
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Table XXIV. Mann-Whitney U-tests performed to test for differences in the stomatal 
conductance of leaves on control vs treatment Portulacaria afra plants between days 
measured 
Days   U Z 2*1 sided exact p n 
0 vs 7 Control 112 0.021 1 15, 15 
Treatment 66 -0.602 0.572 14, 11 
0 vs 13 Control 88 1.016 0.325 15, 15 
Treatment  8 3.059 0.001 14, 7 
0 vs 19 Control 42 1.521 0.138 15, 9 
Treatment 75 0.776 0.458 14, 13 
0 vs 34 Control 50 2.188 0.029 15, 13 
Treatment 42 1.323 0.201 14, 9 
0 vs 40 Control  72 1.68 0.098 15, 15 
Treatment 31 3.078 0.001 14, 14 
0 vs 47 Control 49.5 1.976 0.047 15, 12 
Treatment 29 3.317 0.001 14, 15 
19 vs 34 Control 54 0.301 0.794 9, 13 
 Treatment 53 0.367 0.744 13, 9 
19 vs 40 Control 64 -0.209 0.861 9, 15 
 Treatment 44 2.281 0.022 13, 14 
19 vs 47 Control 44 0.711 0.508 9, 12 
 Treatment 52 2.096 0.037 13, 15 
 
  
234 
 
Table XXV. Mann-Whitney U-tests performed to test for differences in the volumetric 
moisture content of soil in control and treatment pots between days measured, for 
Putterlickia pyracantha 
Days  U Z 2*1 sided exact p n 
0 vs 7 Control 2 2.193 0.032 5, 5 
 Treatment 0 2.611 0.008 5, 5 
0 vs 13 Control 2 2.193 0.032 5, 5 
 Treatment  0 2.611 0.008 5, 5 
0 vs 19 Control 7 1.149 0.31 5, 5 
 Treatment 0 2.611 0.008 5, 5 
0 vs 34 Control 0 2.611 0.008 5, 5 
 Treatment 0 2.611 0.008 5, 5 
0 vs 40 Control  0 2.611 0.008 5, 5 
 Treatment 4 1.776 0.095 5, 5 
0 vs 47 Control 4 2.611 0.008 5, 5 
 Treatment 11.5 0.209 0.841 5, 5 
19 vs 34 Control 0 2.611 0.008 5, 5 
 Treatment 0 -2.611 0.008 5, 5 
19 vs 40 Control 0 2.611 0.008 5, 5 
 Treatment 0 -2.611 0.008 5, 5 
19 vs 47 Control 0 2.611 0.008 5, 5 
 Treatment 0 -2.611 0.008 5, 5 
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Table XXVI. Mann-Whitney U-tests performed to test for differences in the photosynthetic 
efficiency of control vs treatment Putterlickia pyracantha plants between days measured 
Days   U Z 2*1 sided exact p n 
0 vs 7 Control 
273 192 0.098 15, 15 
Treatment 103 0.394 0.713 15, 15 
0 vs 13 Control 74 -1.597 0.116 15, 15 
Treatment  98.5 -0.581 0.567 15, 15 
0 vs 19 Control 90 -0.933 0.367 15, 15 
Treatment 38.5 3.069 0.001 15, 15 
0 vs 34 Control 95.5 -0.705 0.486 15, 15 
Treatment 36.5 0.662 0.519 15, 6 
0 vs 40 Control  81.5 0.415 0.683 15, 12 
Treatment 32.5 2.087 0.035 15, 9 
0 vs 47 Control 84.5 1.161 0.25 15, 15 
Treatment 42.5 0.195 0.85 15, 6 
19 vs 34 Control 83 1.224 0.233 15, 15 
 Treatment 23.5 -1.674 0.0948 15, 6 
19 vs 40 Control 64 1.269 0.217 15, 12 
 Treatment 40 -1.64 0.108 15, 9 
19 vs 47 Control 55.5 2.364 0.016 15, 15 
 Treatment 16 -2.258 0.023 15, 6 
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Table XXVII. Mann-Whitney U-tests performed to test for differences in the stomatal 
conductance of leaves on control vs treatment Putterlickia pyracantha plants between days 
measured 
Days   U Z 2*1 sided exact p n 
0 vs 7 Control 47 -2.717 0.006 15, 15 
Treatment 109 -0.145 0.902 15, 15 
0 vs 13 Control 98 -0.601 0.567 15, 15 
Treatment  6 4.417 0 15, 15 
0 vs 19 Control 104 -0.353 0.744 15, 15 
Treatment 5 4.022 0 15, 11 
0 vs 34 Control 70 1.763 0.081 15, 15 
Treatment 22 1.791 0.08 15, 6 
0 vs 40 Control  63 -1.317 0.2 15, 12 
Treatment 58 0.566 0.592 15, 9 
0 vs 47 Control 102 0.436 0.683 15, 15 
Treatment 33 0.934 0.381 15, 6 
19 vs 34 Control 67 1.887 0.061 15, 15 
 Treatment 3 -3.015 0.001 11, 6 
19 vs 40 Control 70 -0.976 0.347 15, 12 
 Treatment 7 -3.229 0.001 11, 9 
19 vs 47 Control 91 0.892 0.389 15, 15 
 Treatment 13 -2.01 0.048 11, 6 
 
Table XXVIII. Mann-Whitney U-tests performed to test for differences in the volumetric 
moisture content of soil in pots of control vs treatment Rhigozum obovatum plants on Days 0 
to 47 
Days U Z 2*1 exact sided p nc, nt 
Day 0 15.5 -0.4 0.699 6, 6 
Day 7 13 0.801 0.485 6, 6 
Day 13 7.5 1.681 0.093 6, 6 
Day 19 7 1.761 0.093 6, 6 
Day 34 17.5 0.08 0.937 6, 6 
Day 40 6 -1.922 0.065 6, 6 
Day 47 6 -1.922 0.065 6, 6 
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Table XXIX. Mann-Whitney U-tests performed to test for differences in the volumetric 
moisture content of soil in control and treatment pots between days measured, for Rhigozum 
obovatum 
Days  U Z 2*1 sided exact p n 
0 vs 7 Control 48 30 0.18 6, 6 
 Treatment 0 2.882 0.002 6, 6 
0 vs 13 Control 49 29 0.132 6, 6 
 Treatment  0 2.882 0.002 6, 6 
0 vs 19 Control 46.5 31.5 0.24 6, 6 
 Treatment 57 21 0.002 6, 6 
0 vs 34 Control 57 21 0.002 6, 6 
 Treatment 57 21 0.002 6, 6 
0 vs 40 Control  57 21 0.002 6, 6 
 Treatment 0 2.882 0.002 6, 6 
0 vs 47 Control 56 22 0.004 6, 6 
 Treatment 3.5 2.322 0.015 6, 6 
19 vs 34 Control 10 1.281 0.24 6, 6 
 Treatment 7.5 -1.681 0.093 6, 6 
19 vs 40 Control 10.5 1.201 0.24 6, 6 
 Treatment 4 -2.242 0.026 6, 6 
19 vs 47 Control 12 0.961 0.394 6, 6 
 Treatment 3 -2.402 0.015 6, 6 
 
Table XXX. Mann-Whitney U-tests performed to test for differences in the photosynthetic 
efficiency of control vs treatment Rhigozum obovatum plants on Days 0, 7, 13, 34, 40 and 47 
Days U Z 2*1 sided exact p nc, nt 
Day 0 157.5 0.142 0.888 18, 18 
Day 7 148.5 -0.427 0.673 18, 18 
Day 13 102 -1.898 0.059 18, 18 
Day 34 143.5 0.585 0.563 18, 18 
Day 40 155 0.221 0.839 18, 18 
Day 47 147 -0.475 0.65 18, 18 
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Table XXXI. Mann-Whitney U-tests performed to test for differences in the photosynthetic 
efficiency of control vs treatment Rhigozum obovatum plants between days measured 
Days  U Z 2*1 sided exact p n 
0 vs 7 Control 134 0.886 0.389 18, 18 
 Treatment 162 0 1 18, 18 
0 vs 13 Control 81 2.563 0.01 18, 18 
 Treatment  158 0.127 0.913 18, 18 
0 vs 19 Control 143.5 0.585 0.563 18, 18 
 Treatment 80.5 2.579 0.009 18, 18 
0 vs 34 Control 121 1.297 0.203 18, 18 
 Treatment 98.5 2.009 0.044 18, 18 
0 vs 40 Control  125 1.171 0.252 18, 18 
 Treatment 116 1.455 0.152 18, 18 
0 vs 47 Control 125 1.171 0.252 18, 18 
 Treatment 136.5 0.807 0.424 18, 18 
19 vs 34 Control 147 0.475 0.65 18, 18 
 Treatment 126 -1.139 0.265 18, 18 
19 vs 40 Control 147 0.475 0.65 18, 18 
 Treatment 100 -1.962 0.051 18, 18 
19 vs 47 Control 147 0.475 0.65 18, 18 
 Treatment 91.5 -2.231 0.024 18, 18 
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Table XXXII. Mann-Whitney U-tests performed to test for differences in the stomatal 
conductance of leaves on control vs treatment Rhigozum obovatum plants between days 
measured 
Days  U Z 2*1 sided exact p n 
0 vs 7 Control 119 -1.36 0.181 18, 18 
 Treatment 106 1.772 0.079 18, 18 
0 vs 13 Control 142 0.633 0.542 18, 18 
 Treatment  44 3.733 0 18, 18 
0 vs 19 Control 137 0.242 0.825 18, 16 
 Treatment 38 3.923 0 18, 18 
0 vs 34 Control 106 1.772 0.079 18, 18 
 Treatment 27 4.037 0 18, 16 
0 vs 40 Control  95 1.691 0.095 18, 16 
 Treatment 84 2.468 0.013 18, 18 
0 vs 47 Control 121 1.297 0.203 18, 18 
 Treatment 79 2.626 0.008 18, 18 
19 vs 34 Control 120 0.828 0.422 16, 18 
 Treatment 78 -2.277 0.022 18, 16 
19 vs 40 Control 92 1.357 0.184 16, 16 
 Treatment 72 -2.847 0.004 18, 18 
19 vs 47 Control 118 0.897 0.384 16, 18 
 Treatment 71 -2.879 0.003 18, 18 
 
Table XXXIII. Mann-Whitney U-tests performed to test for differences in the volumetric 
moisture content of soil in pots of control vs treatment Searsia longispina plants on Days 0, 
7, 13, 34, 40 and 47 
Days U Z 2*1 sided exact p nc, nt 
Day 0 5 0.866 0.486 4, 4 
Day 7 4 1.155 0.343 4, 4 
Day 13 1 2.021 0.057 4, 4 
Day 34 5.5 0.722 0.486 4, 4 
Day 40 4 -1.155 0.343 4, 4 
Day 47 5 -0.866 0.486 4, 4 
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Table XXXIV. Mann-Whitney U-tests performed to test for differences in the volumetric 
moisture content of soil in control and treatment pots between days measured, for Searsia 
longispina  
Days  U Z 2*1 sided exact p n 
0 vs 7 Control 6 0.577 0.686 4, 4 
 Treatment 0 2.309 0.029 4, 4 
0 vs 13 Control 8 0 1 4, 4 
 Treatment  0 2.309 0.029 4, 4 
0 vs 19 Control 8 0 1 4, 4 
 Treatment 0 2.309 0.029 4, 4 
0 vs 34 Control 0.5 2.165 0.029 4, 4 
 Treatment 0 2.309 0.029 4, 4 
0 vs 40 Control  2 1.732 0.114 4, 4 
 Treatment 6 -0.577 0.686 4, 4 
0 vs 47 Control 6 0.577 0.686 4, 4 
 Treatment 5 -0.866 0.486 4, 4 
19 vs 34 Control 0 2.309 0.029 4, 4 
 Treatment 1 -2.021 0.057 4, 4 
19 vs 40 Control 2 1.732 0.114 4, 4 
 Treatment 0 -2.309 0.029 4, 4 
19 vs 47 Control 5 0.866 0.486 4, 4 
 Treatment 0 -2.309 0.029 4, 4 
 
Table XXXV. Mann-Whitney U-tests performed to test for differences in the photosynthetic 
efficiency of control vs treatment Searsia longispina plants on Days 0, 7, 13, 19, 40 and 47 
Days U Z 2*1 sided exact p nc, nt 
Day 0 70.5 0.087 0.932 12, 12 
Day 7 63.5 0.491 0.63 12, 12 
Day 13 56 -0.615 0.566 12, 11 
Day 19 53.5 0.429 0.674 12, 10 
Day 40 35 0.094 0.964 12, 6 
Day 47 36 0 1 12, 6 
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Table XXXVI. Mann-Whitney U-tests performed to test for differences in the photosynthetic 
efficiency of control vs treatment Searsia longispina plants between days measured 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Days  U Z 2*1 sided exact p n 
0 vs 7 Control 57 0.866 0.41 12, 12 
 Treatment 51.5 1.184 0.242 12, 12 
0 vs 13 Control 34.5 2.165 0.028 12, 12 
 Treatment  50 0.985 0.347 12, 11 
0 vs 19 Control 45.5 1.53 0.128 12, 12 
 Treatment 39 1.905 0.06 12, 12 
0 vs 34 Control 29.5 2.454 0.012 12, 6 
 Treatment 5 2.903 0.002 12, 12 
0 vs 40 Control  46 1.501 0.143 12, 6 
 Treatment 28 0.749 0.494 12, 6 
0 vs 47 Control 48 1.386 0.178 12, 12 
 Treatment 23 1.218 0.25 12, 6 
19 vs 34 Control 52.5 1.126 0.266 12, 12 
 Treatment 20 1.499 0.151 12, 6 
19 vs 40 Control 72 0 1 12, 12 
 Treatment 27 -0.843 0.437 12, 6 
19 vs 47 Control 0.908 -0.115 0.932 12, 12 
 Treatment 27.5 -0.796 0.437 12, 6 
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Table XXXVII. Mann-Whitney U-tests performed to test for differences in the stomatal 
conductance of leaves on control vs treatment Searsia longispina plants between days 
measured 
Days  U Z 2*1 sided exact p n 
0 vs 7 Control 49 -1.328 0.198 12, 12 
 Treatment 54 0.396 0.722 12, 10 
0 vs 13 Control 39 -1.905 0.06 12, 12 
 Treatment  44 0.711 0.508 12, 9 
0 vs 19 Control 58 -0.808 0.443 12, 12 
 Treatment 33 1.492 0.148 12, 9 
0 vs 34 Control 71 -0.058 0.977 12, 12 
 Treatment 13 2.154 0.032 12, 6 
0 vs 40 Control  0.326 -0.982 0.347 12, 12 
 Treatment 31 0.468 0.682 12, 6 
0 vs 47 Control 52.5 -1.126 0.266 12, 12 
 Treatment 25 -1.03 0.335 12, 6 
19 vs 34 Control 65 0.404 0.713 12, 12 
 Treatment 25 -0.236 0.864 9, 6 
19 vs 40 Control 62 -0.577 0.59 12, 12 
 Treatment 18 -1.061 0.328 9,6 
19 vs 47 Control 61 -0.635 0.551 12, 12 
 Treatment 12 -1.768 0.088 9, 6 
 
Table XXXVIII. Wilcoxon Matched Pairs tests performed to test for differences in the mean 
volumetric moisture content of control and treatment plants of Crassula ovata vs other 
species, during drought and recovery phases (Days 0 to 47) 
Crassula ovata vs n T Z p 
Ehretia rigida 14 0 3.296 0.001 
Grewia robusta 14 0 3.296 0.001 
Gymnosporia buxifolia 14 0 3.296 0.001 
Lycium ferocissimum 14 0 3.296 0.001 
Olea europaea 14 0 3.296 0.001 
Portulacaria afra 14 0 3.296 0.001 
Putterlickia pyracantha 14 0 3.296 0.001 
Rhigozum obovatum 14 0 3.296 0.001 
Searsia longispina 14 23 1.852 0.064 
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Table XXXIX. Wilcoxon Matched Pairs tests performed to test for differences in the mean 
volumetric moisture content of control and treatment plants of Portulacaria afra vs other 
during drought and recovery phases (Days 0 to 47) 
Portulacaria afra vs  n T Z p 
Crassula ovata 14 0 3.296 0.001 
Ehretia rigida 14 40 0.785 0.433 
Grewia robusta 14 3 3.107 0.002 
Gymnosporia buxifolia 14 28 1.538 0.124 
Lycium ferocissimum 14 38 0.910 0.363 
Olea europaea 14 30 1.412 0.158 
Putterlickia pyracantha 14 48 0.282 0.778 
Rhigozum obovatum 14 30 1.412 0.158 
Searsia longispina 14 3 3.107 0.002 
 
Table XL. Wilcoxon Matched Pairs tests performed to test for differences in the mean 
photosynthetic efficiency of control and treatment plants of Crassula ovata vs other during 
drought and recovery phases (Days 0 to 47) 
Crassula ovata vs n T Z p 
Ehretia rigida 14 0 3.296 0.001 
Grewia robusta 14 0 3.296 0.001 
Gymnosporia buxifolia 14 39 0.847 0.397 
Lycium ferocissimum 14 1 3.233 0.001 
Olea europaea 14 0 3.296 0.001 
Portulacaria afra 14 0 3.296 0.001 
Putterlickia pyracantha 14 1 3.233 0.001 
Rhigozum obovatum 14 0 3.296 0.001 
Searsia longispina 14 0 3.296 0.001 
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Table XLI. Wilcoxon Matched Pairs tests performed to test for differences in the mean 
photosynthetic efficiency of control and treatment plants of Portulacaria afra vs other 
species, during drought and recovery phases (Days 0 to 47) 
Portulacaria afra vs  n T Z p 
Crassula ovata 14 0 3.296 0.001 
Ehretia rigida 14 47 0.345 0.730 
Grewia robusta 14 29 1.475 0.140 
Gymnosporia buxifolia 14 51 0.094 0.925 
Lycium ferocissimum 14 20 2.040 0.041 
Olea europaea 14 40 0.785 0.433 
Putterlickia pyracantha 14 27 1.601 0.109 
Rhigozum obovatum 14 4 3.045 0.002 
Searsia longispina 14 30 1.412 0.158 
 
Table XLII. Wilcoxon Matched Pairs tests performed to test for differences in the mean 
stomatal conductance of control and treatment plants of Crassula ovata vs other during 
drought and recovery phases (Days 0 to 47) 
Crassula ovata vs n T Z p 
Ehretia rigida 14 0 3.296 0.001 
Grewia robusta 14 0 3.296 0.001 
Gymnosporia buxifolia 14 20 2.040 0.041 
Lycium ferocissimum 14 4 3.045 0.002 
Olea europaea 14 1 3.233 0.001 
Portulacaria afra 14 1 3.233 0.001 
Putterlickia pyracantha 14 3 3.107 0.002 
Rhigozum obovatum 14 0 3.296 0.001 
Searsia longispina 14 0 3.296 0.001 
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Table XLIV. Wilcoxon Matched Pairs tests performed to test for differences in the mean 
stomatal conductance of control and treatment plants of Portulacaria afra vs other species, 
during drought and recovery phases (Days 0 to 47) 
Portulacaria afra vs  n T Z p 
Crassula ovata 14 1 3.233 0.001 
Ehretia rigida 14 3 3.107 0.002 
Grewia robusta 14 9 2.731 0.006 
Gymnosporia buxifolia 14 15 2.354 0.019 
Lycium ferocissimum 14 31 1.350 0.177 
Olea europaea 14 24 1.789 0.074 
Putterlickia pyracantha 14 41 0.722 0.470 
Rhigozum obovatum 14 40 0.785 0.433 
Searsia longispina 14 11 2.605 0.009 
 
 
